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PREFACE 

1 HAVE to thank JMr. Knowles of the Nineteenth Cen- 
tarif, Mr. (^uilter of the Universal Review, and the 
Messrs. Black of the Encyclopeediec Britannica, for 
permission to include in this volume articles originally 
published by them. 4i 

The <'olle(*tion wliich Messrs. iMacmillan have 
kindly undertiuken to republish deals with a variety 
of topics, and is, perhaps, wanting in tinity of design. 
These essays and lectures have, however, all originated 
in my desire to promote the interests of science, either 
by explaining some of its later advances to the general 
public, or by showing the need for increased aid to 
scieotific research from the State. Hence the somewhat 
comprehensive title which 1 have ventured to give to 
this'i’ittle book, i hope that each ])aper in its turn 
may find some readers w'ho will think that it possesses ^ 
sufficient interest to justify its reappearance in i|;s 
pl-esent form. St)me of the papers now reprinted w'ere 
published suffieientfy Icuig '^igo for changes to have 
occurred in the position of matters of which they treat. 
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PREFACE 


In some cases a prediction lias been \Trified, in others 
an appeal has been successful ; and in regard to some 

few matters toiu'hed on, new views have taken the 

• 

place of those adopted when my staftement was ori-* 
ginally made. 1 have added notes e^pl{fna*tory of 
such changes where they are actually iiecessTiiy.* 

hi Rvy Iaxkester. 

Iknmbn 1881 ) 
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DEGENERATION: 


A (JIIAPTER IN DARWINISM 

• 

It is tlic misfortune of those wlio study that l)raiich 
of science which our rresidcut has done so much to 
advance — I mean the science of livino; things— that 
they are not able, in tlie midst of a vast assembly, 
to render visible to all eyes tlio actual phenomena 
to which their < inquiries arc directed. Whilst the 
physicist and the chemist are able to make evident to 
tlie senses of a gi%at meeting the very things of which 
they have to tell, the zoologist cannot hope ever to 
share Avith those Avho form his audience the keen 
pleasure of observing a ncAv or beautiful organism ; 
he cannot demonstrate by means of actual specimens 
the delicate arrangements of structure A\dnch it is his 
business to record, and upon which he bases his con- 
clusions. It is for this reason that he Avho would 
bring t^ the notice of laymen some matter Avhich at 

ft 

the moment is occupying the attention of biological 
students, mu.st appear to be unduly deAmted to specu- 
lation-why pothesis — to support Avhicdi he cannot pro-* 
duce the facts themselves but merely the imperfect 
substitutes afforded by pictures. It is perhaps not 
altogether a matter for regret that there should be in 
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one great branch of science, as there is in biology, so 
very marked a disproportion between the facilities for 
demonstrating facts and the general interest attaching 
to the theories connected with those facts. We may 
be thankful that at the present day we are not likely, 
in the domain of biology, to make the mistake (which 
has been made under other circumstances) of substitut- 
ing the mere inspection and cataloguing of natural 
objects for that more truly scientific attitude which 
consists in assigning the facts which come under our 
observation to their causes, or, in other words, to their 
places in the order of nature. Though we may rightly 
object to the attempt which is sometimes made to 
decry the modern teachings of biology as not being 
“ exact science,” yet we may boldly idmit the truth 
of the assertion that we biologists are largely occupied 
with speculations, hypotheses, and other jwoducts of 
th(‘ imagination. All true science deals with specula- 
tion and hypothesis, and acknowledges as its most 
valued servant — its indispensable ally and helpmeet 
— that which our Clerman friends ' call “ Phaiitasio ” 
and we “ the Imagination.” Our science, biology, 
is not less exact — our conclusions are no loss a(;curate 
because they are only prohahli/ true. 'I'hey arc “ prob- 
ably true” with a degree of probability of wliieh 
we arc fully aware, and which is oidy somewhat less 
than the probability attaching to the conelusibns 
'of other sciences which are commonly held to be 
“ exact.” 

These remarks are addressed to an Association for 


^ 8ee Note A. 
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the advancement of science — of science which flourishes 
and progresses by the aid of suppositions and the 
working of the imagination. The Association has 
heen holding its, annual sitting in various parts of 
the Britislii Islands for more than thirty years, and 
yet it is stiil a very common and widely spread notion 
that science, that is to say, true science according to 
those who hold the notion, does not countenance 
hypotheses, and stc'Mily occupies itself with the exact 
re(*ord of fact. On the other hand, there are many 
persons who run to an opposite extreme, and call by 
the name of science any fanciful attempt to deal with 
or jiccount for a certain class of phenomena. The 
words “science” and “scientific” are used so vaguely 
and variously llliat one might almost come to the 
conclusion that it would be well for our Association 
to plainly state what is that thing for the advance- 
ment of which its meetings are held. T cannot venture 
to speak in the name' of my colleagues ; and no doubt 
a review of the woi'k done by the Association would 
most fitly ex])lain what that body understands by the 
word “ science.” At the same time it is permissible 
to taki this opportunity of briefly stating what science 
is and what it is not, so fiir as 1 am able to judge of 
the fitting use of tlu' word. 

Science is certainly not any and every kind of 
knowledge. Knowledge of literature, of the beautiful 
things which have been written or otherwise produced 
by human ingenuity, is not science. Knowledge of 
the various manufacturing processes in use by civilised 
men is not science ; nor knowledge of the names of 
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the stars, or of the joints of a beetle’s leg. Science 
cannot be identified with knowledge of any particular 
class of objects, however detailed that knowledge may 
be. It is a common mistake to consjjJer all knowledge 
of raw products, of living objects or dt^ci* natural 
objects, as necessarily “science.” The truth .is, that 
a man may have great knowledge of these things as 
so many facts, and yet be devoid of “ seience.^' And, 
on the other hand, that whichi is properly called 
science embraces not only such subject-matter as 
that just alluded to, but also may find its scope in 
the study of language, of human history, and of the 
workings of the human mind. 

The most frequent and objectionable misuse of the 
word “ science ” is that which consistt in confounding 
science with invention — in applying the term which 
should be reserved for a particular kind of knowledge 
to the practical applications of that knowledge. Such 
things as electric lighting and telegraphs, the steam- 
engine, gas, and the smoky chimneys of factories, are 
by a certain school of public teachers, foremost among 
whom is the late Oxford Professor of Fine Art, per- 
sistently ascribed to science, and gravely pointf-d out 
as the pestilential products of a scientific spirit. They 
are, in fact, nothing of the kind. American iitventors 
and electric lamps, together with all the faetories in 
Shefl&eld, might be obliterated without causing a 
moment’s concern to a single student of science. It 
is of the utpiost importance for^the progress and well- 
being of science that this should be understood ; that 
the eager, practical spirit of the inventor who gains 



1 


A CHAPTER IN DARWINISM 


7 


large pecuniary rewards by the sale of his inventions 
should not be confounded with what is totally different 
and remote from it, namely, the devoted, searching 
spfrit of science, which, heedless of pecuniary rewards, 
ever faces pstture with a single purpose — to ascertain 
the causes things. It seems to me impossible to 
emphasise too strongly in such a place and in such a 
meeting as this, that Invention is widely separate 
from, though depejident on Science. Invention is 
worldly-wise, and despises the pursuit of knowledge 
for its own sake. She awaits the discoveries of 
Science, in order to sell them to civilisation, gather- 
ing the golden fruit which she has neither planted 
nor tended. Invention follows, it is true, the foot- 
steps of Scien(|p, but at a distance : she is utterly 
devoid of that thriftless yearning after knowledge, 
that passionate desire to know the truth, which causes 
the unceasing advance of her guide and benefactress. 

We may,, it seems to me, say that of all kinds and 
varieties of knowledge that only is entitled to the 
name “ science ” which can be described as Knowledge 
of Causes, or Knowledge of the Order of Nature. It 
is thj^ knowledge to which the great founder of 
European science — Aristotle the Greek — pointed as 
true kiy)wledgc : Tore iiria-rdfieda otuv ttjv alriav eiStofiev. 
Science is that knowledge which enables us to demon- 
stA,te so far as our limited faculties permit, that the 
appearances which Ave recognise in the world around* 
us are dependent in definite ways on certain properties 
of matter : science is* that knowledge which enables, 
or tends to enable us, to assign its true place in the 
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series of events constituting the universe, to any and 
every thing which we can perceive. 

The method by which scientific knowledge is 
gained — knowledge of the causes of nature — is pre- 
cisely the same as that by which knowledge of causes 
in everyday life is gained. Something — ^an appear- 
ance — has to be accounted for : the question ip both 
cases is, “Through what cause, in relation to what 
antecedent is this appearance brought about?” In 
scientific inquiry, as in everyday life, a hypothesis — 
a provisional answer or guess — is the reply ; and the 
truth of that guess or hypothesis is then tested. This 
testing is an essential part of the process. “ If my 
guess be true, then so-and-so as to which I can decide 
by inspection or experiment, must bd true also,” is 
the form which the argument takes, and the inquiry is 
thus brought to a point where obser/ation can decide 
the truth of the hypothesis or first guess. In every- 
day life we have often to be content without fully 
testing the truth of our guesses, and hurry into action 
based on such unverified suppositions. Science, on 
the other hand, can always wait, and demands again 
and again the testing and verification of guesses 
before they are admitted as established truths fit to 
be used in the testing of new guesses and the building 
up of scientific doctrine. 

The delicately-reared imaginations of great investi- 
gators of natural things have from time to time given 
birth to hypotheses — guesses at truth — ^which have 
suddenly transformed a whole department of know- 
ledge, and made the causes of things quite clear 
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which before seemed likely to remain always concealed. 
So great is the value of hypothesis, so essential to 
scientific discovery, that the most skilled and highly 
trsftned observer may spend his life in examining and 
scrutinising natural objects and yet fail, if he is not 
guided Jby JjypSthesis, to observe particular facts which 
are of Jlie uttermost importance for the explanation of 
the causes of the things which he is studying. Nature, 
it has been said, giyes no reply to a general inquiry — 
she must be interrogated by questions which already 
contain the answer she is to give ; in other words, the 
observer can only observe that which he is led by hypo- 
thesis to look for : the experimenter can only obtain 
the result which his experiment is designed to obtain. 

For a long ^me the knowledge of living things, of 
plants, and of animals could hardly be said to form 
part of the general body of science, for the causes of 
these things were quite unknown. They were kept 
apart as a separate region of nature, and were sup- 
posed to have been pitched, as it were, into the midst 
of an orderly and cause-abiding world without cause 
or order : they were strangers to the universal har- 
monj^ prevailing around them. Fact upon fiict was 
observed and recorded by students of plants and 
anima^g, but having no hypothesis as to the causes of 
what they were studying, the naturalists of twenty 
ydhrs ago, and before that day, though they collected 
facts, padc slow progress and some strange blunder^ 
Suddenly one of those great guesses which occasion- 
ally appear in the history, of science, was given to the 
science of biology by the imaginative insight of that 
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greatest of living naturalists — I would say that greatest 
of living men — Charles Darwin. 

In the form in which Mr. Darwin presented his 
view to the world it was no longer a^mere guess. *Ue 
had already tried it and proved it in ‘ap immense 
series of observations ; it had already heeij converted 
by twenty years’ labour on his part into an^ estab- 
lished doctrine, and the twenty years which have 
passed since he published the Origin of Species have 
only served to confirm, by thousands of additional 
tests, the truth of his original guess. 

Space will not allow me to go fully into the history 
of the Darwinian theory, but it is necessary for my 
present purpose that I should state precisely what 
that theory is. It involves a numberr of subordinate 
hypotheses which, together with the main hypothesis, 
furnish us with a complete “ explfftiation,” as it is 
called, of the facts which have been ascertained as to 
living things ; in other words, it assigns living things 
to their causes, gives them their place in the Order of 
Nature. 

It is a very general popular belief at tlie present 
day that the Darwinian theory is simply no, more 
than a capricious and anti-thcological assertion that 
mankind are the modified descendants of {jpe-like 

c 

ancestors. 

Though most of my readers, I do not doubt, 
know how imperfect and erroneous a conceptiejn this 
is, yet I shall not, I think, be wasting time in stating 
what the Darwinian theory realfy is. In fact, it is so 
continuously misrepresented and misunderstood, that 
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no opportunity should be lost of calling attention to 
its real character. Bit by bit, naturalists had suc- 
ceeded in discovering the order of nature — so far that 
{ilf the great fagts of the universe, the constitution 
and movetnSnts of the heavenly bodies, the form of 
our eavth,.anct all the peculiarities of its crust, had 
been successfully assigned to one set of causes — the 
properties of matter, which are set forth in what we 
know by the nanse of the “ laws of physics and 
chemistry.” Whilst geologists, led by Lyell, had 
shown that the strata of the earth’s crust and its 
mountains, rivers, and seas were due to the long- 
continued operation of the very same general causes 
— the physico-chemical causes — which at this moment 
are in operation and are continuing their work of 
change, yet the living matter on the crust of the earth 
had to be exclucfed from the grand uniformity which 
was elsewhere complete. 

The first hypothesis, then, which was present to 
Mr. Darwin’s mind, as it had been to that of other 
earlier naturalists, was this ; “ Have not all the 
varieties or species of living things (man, of course, 
included) been produced by the continuous operation 
of tlie same set of physico-chemical causes which 
alone j>re can discover, and which alone have been 
proved sufficient to produce everything else ? ’ “ If 

this be so,” Mr. Darwin must have argued (and here 
it was* that he boldly stepped beyond the specula* 
tions of Lamarck and adopted the method by which 
Lyell had triumphantly established Geology as a 
science), “ these causes must still be able to produce 
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new forms, and are doing so wherever they have 
opportunity.” He had accordingly to bring the 
matter to the test of observation by seeking for 
some case of the production of new forms of plants, 
or of animals, by natural causes at the present day. 
Such cases he found in the production of new forms 
or varieties of plants and animals, by breeders. 
Breeders (the persons who make it their business 
to produce new varieties of flowers, of pigeons, of 
sheep, or what not) make use of two fundamental 
properties of living things in order to accomplish 
their purpose. These two properties are, firstly, that 
no two animals or plants, even when born of the 
same parents, are exactly alike ; this is known as 
Variation : secondly, that an organism, as a rule, 
inherits, that is to say, is born with the peculiarities 
of its parents ; this is known as Transmission, and 
is simply dependent on the fact that the offspring 
of any plant or animal is only a detached portion 
of the parent — a chiji of the old block, as the saying 
is. The breeder selects from a number of specimens 
of a plant or animal a variety which comes nearest to 
the form he wishes to produce. Supposing he wished 
to produce a race of oxen with short horns, he would 
select from his herd bulls and cows with the shortest 
horns, and allow these only to breed ; they would 
transmit their relatively short horns to their offspring, 
and from these again the cattle with the shortest 
horns would be selected by the breeder for propagation, 
and so on through several generations. In the end a 
very short-homed generation would be obtained, differ- 
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ing greatly in appearance from the cattle with which 
the breeder started. 

Now we know of no facts which forbid us to sup- 
poSe that could ^ a breeder continue his operations 
indefinitely for any length of time — say for a few 
million yqjirs— he could convert the short -horned 
breed info a hornless breed ; that he could go on and 
thickcn'the tail, could shorten the legs, get rid of the 
hind limbs altogetln^r by a series of insensible grada- 
tions, and convert the race into forms like the Sirenia, 
or sea-cows. But if he could do this, you have only 
to give him a longer time still and there is no obstacle 
remaining to the conversion, by the .«ame kind of 
process, of a polyp into a worm, or of a worm into a 
fish, or even ofw, monkey into a man.^ 

So far we have supposed the interference of a 
breeder who seletrts and determines the varieties which 
shall propagate themselves ; so far we have not got a 
complete explanation, for we must find a substitute in 
nature for the human selection exercised by the 
breeder. The question arises, then, “Is there any 
necessary seh'ctive process in nature which could have 
opera|ed through untold ages, and so have represented 
the selective action of the breeder, during an immense 
period ^f time ? ” Strangely enough, Mr. Darwin was 
led to the discovery of such a cause existing necessarily 
in'the mechanical arrangements of nature, by reading 
the cehsbrated book of an English clergyman, the Kevi 
Mr. Malthus, On Population. On happening to read 
this book, Mr. Darwin himself tells us that the idea 

1 See Note B. 
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of “ natural selection ” flashed upon him. That idea 
is as follows. Not only among mankind, but far more 
largely among other kinds of animals and among 
plants, the number of offspring produced by every pair 
is immensely in excess of the available amQunt of the 
food appropriate to the particular species ip question. 
Accordingly, there is necessarily a struggle foi; exist- 
ence — a struggle among all those born for the posses- 
sion of the small quantum of food.. The result of this 
struggle is to pick out, or select, a few who survive 
and propagate the species, whilst the majority perish 
before reaching maturity. The fact that no two 
members of a species are alike has already been 
shown to be the starting-point which enables the 
breeder to make his selection. So, tfro, with natural 
selection in the struggle for existence ; the fact that 
all the young born of one species are not exactly 
alike — but some larger, some smaller, some lighter, 
some darker, some short-legged, some big-eyed, some 
long-tongued, some sharp-toothed, and so on — ^furnishes 
the opportunity for a selection. Those varieties which 
are best fitted to obtain food and to baffle their com- 
petitors, gain the food and survive, the rest per^h. 

We have, then, to note that the hypothesis that 
there must be a selection — which was framed ^ or de- 
duced as a “ test hypothesis ” from the earlier hypo- 
thesis that species have arisen by the action of causes 
btill competent to produce new forms — led Mr. X)arwin 
to the discovery of this great cause — the “natural 
selection,” or “ survival of the fittest,” in the struggle 
for existence. Just as the breeder can slowly change 
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the proportions of the animals or plants on which he 
operates, so in inconceivably long periods of time 
has this struggling of varieties, and the consequent 
natural selection of the fittest, led to the production, 
from shapeless primitive living matter, of all the end- 
less varietiq^ of complicated plants and animals which 
now pegple the world. Countless varieties have died 
out, leading only their modified descendants to puzzle 
the ingenuity of tlio« biologist. 

Of the tens and hundreds of thousands of interme- 
diate forms we know nothing by direct observation. 
They have perished as better-fitted forms ousted them 
in the never-ending conflict. But we feel sure that 
they once were in existence, and can infer what was 
their structure, ^nd what were their peculiarities, by 
the study of the structure and attributes of their now 
living descendantl^. 

If all the forms of life at present living are the 
modified offspring of a smaller number of ancestral 
forms which have died out, and if these again were 
the modified descendants produced by ordinary parent- 
age of a single original living thing — then the whole 
scries pf forms that have ever lived could, if we had 
them before us, bo arranged in the form of a great 
family-^ee — the various branches presenting a perfect 
gradation of forms arranged one after another, lead- 
ing down from the terminal twigs (which would repre- 
sent tluj latest forms produced) to larger and larger* 
branches, until the common trunk representing the 
original ancestor would be^i’eacfied. Our actual means 
of observing the genealogical aftinities of different 

o o o 
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kinds of animals and plants may be understood by a 
further use of the metaphor of a genealogical tree in 
shape like an elm or an oak. Suppose the genealogical 
tree completely written out — a perfect record — td be 
sunk in muddy water so that only its topmost J^ranches 
and twigs are here and there visible — then, you have a 
fair notion of tlie present condition of the grcap family 
of organisms. Only the to2>most twigs remain visible, 
the rest of the great family-tree of living beings is 
hidden from view, submerged beneath the muddy 
waters of time. Naturalists have, however, undertaken 
to reconstruct this great genealogical tree. It is a 
main object now in the study both of zoology and of 
botany to find out what are the cousinships, what the 
exact genetic relationships of all the) various species 
of plants and animals, and so to show, even to the 
minutest detail, in what particulstv ways physico- 
chemical causes have brought about and modified the 
forms of living things. 

The task is not quite so difficult as the comparison 
to a submerged forest- tree would lead one to expect ; 
at the same time it is more difficult than those who 
have boldly attempted it appear to believe. W^e have 
one great help in the carefully worked-out systematic 
classification of animals and plants according ^to their 
structure. We are justified in assuming as a general 
law that animals or plants of like structure have'de- 
' scended from common ancestors — that is to s&y, that 
the same kind of organisation (especially where a num- 
ber of elaborate details of structure are involved) has 
not been twice produced by natural selection. Thus 
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we are entitled to conclude that all the animals which 
have a backbone and pharyngeal gill-slits combined — 
the Vertebrates, as we call them — have descended 
from a common jiarent ; that all the animals with a 
musculan foot-like belly and lateral gill filaments, the 
Molluscs, h%ve Slso had a common parent, and so on. 

A c]|iSsification according to structure goes then a 
long way towards mapping out the main lines of the 
family-tree of organi.sms. Wc arc further assisted in 
the task by the fossil remains of extinct organisms 
which sometimes give to us the actual ancestors of 
forms now living. But the most remarkable aid to 
the correct building up of the pedigree of animals at 
least (and the remarks whicli follow are confined to 
that division of 'the organic world) is afforded by the 
changes — the phases of development — which every 
animal exhibits iti passing from the small shapeless 
egg to the adult condition. The aid which we here 
obtain depends on the following facts. Ju.st as we 
suppose any one animal — say a dog — to have developed 
by slow change through an immense series of ancestors 
which become simpler and simpler as we recede iuto 
the pa^t until we reach a small shapeless lump of living 
matter devoid of structure, so do we find actually as 
a matt^ of fact, which any one can see for himself, 
tliat every individual animal begins its individual life 
as ft structureless particle which is thrown off from its 
parent, <and is known as the egg-cell (Fig. 1). Gradu-* 
ally* passing through a series of more and more ela- 
borated conditions of structure, that egg grows into 

0 
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the adult dog. The changes which have taken count- 
less ages in the one case, are accomplished in a few 
weeks in the other. 

And now we have to note "the 
important fact which makes this 
process of developnient.,so intensely 
interesting in relation to "the pedi- 
gree of the animal kingdom"! There 
is very strong reason to believe 
that it is a general law of trans- 
mission or inheritance, that structural characteristics 
appear in the growth of a young organism in the order 
in wliich those characteristics have been acquired by 
its ancestors. At first the egg of a dog represents 
(imperfectly, it is true) in form and structure the 
earliest ancestors of the dog ; a few days later it has 
the form and structure of somewhat later ancestors ; 
later still the embryo dog resembles less remote 
ancestors ; until at last it reaches the degree of 
elaboration proper to its immediate forefathers. 

Accordingly the phases of development or growth 
of the young are a brief recapitulation of the phases of 
form through which the ancestors of the young creature 
have passed. In some animals this reeapitulation is 
more, in others it is less complete. Sometimes the 
changes are hurried through and disguised, but we 
find here and there in these histories of growth ftom 
'’the egg most valuable assistance in the attempt to 
reconstruct the genealogical tree. The history of^ the 
development of the common frog is a good illustration 
of the hind of evidence in question. 



Fig. 1. — All egg: a single 
coi piiscle of pi otopLism 
with nucleus b c, and 
boily a. 
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The frog’s egg first gives rise to a little aqnatit* 
creature with external gills and a tail — the tadpole — 
which gradually loses its gills and its tail and acquires 
in their place lupgs and four legs (Fig. 2), so as now 



Fig. 2 — Tadi) 0 les and >ouiig ot the Common Fiog. 1, Recently liatchetl (twice 
natural size) ; 2 and 2rt, same enlaiged to show the external gills ; 3 and 4, 
^ later fftages with gill-slits co\ered hy a membrane leaving only the ‘spiracle 
(see Fig. 16) as an exit for the lespired water ; 5, with hind legs appearing , 
^ 6, with both foie and hind kgs ; 7, atiophy of the tail ; 8, young liog. 

• 

to he fitted for life on dry land. From what we other- 
wise know of the strupture of Jhe frog and the animals 
to which it is allied, we are justified in concluding that 
the tadpole is a recapitulative phase of development, 
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and represents to us more or less closely an ancestor 
of tlie frog which was provided with gills and tail in 
the adult state, and possessed neither legs nor lungs. 




Fig. 4. — Nauplius larval-form ot various Crustacea (Shrimps, Water-fleas, 
Barnacles, etc.) <1 


A less familiar case is that of a certain kind of 

r 

shrimp, which is illustrated' in the woodcuts (Fig. 3 
and right lower corner of Fig. 4). The little creature 
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which issues from the egg of this shrimp is known as 
the “ Nauplius form.” Many animals very different 
in appearance from this shrimp make their first appear- 
ance in the wo^d as Nauplii; and it appears prob- 
able that thb Nauplius phase is the recapitulative re- 
presenj;ati«n o^ an ancestor common to all this set of 



Fia. 5. — Larva of the Shrimp Fig. 6 — More advanced larva 

Peneus. of the Shi imp Peneus. 

animals, an ancestor which Avas not exactly like the 
Nauplius, but not very different from it. 

Th« Nauplius of our shrimp gradually elongates. 
At first it has but three pair of limbs, but it soon 
acquires additional pairs, and a jointed body, and thus 
by gradually adding to its complexity of structure as 
seen in Figs. 5 and 6^ it approximates more and more 
to the adult form from the egg of which it originated. 
And now we are approaching the main point to 
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which I wish to draw the reader’s attention. In 
attempting to reconstruct the pedigree of the animal 
kingdom and so to exhibit correctly the genetic 
relationships of all existing forms qf animals, natu- 
ralists have hitherto assumed that the process of 
natural selection and survival of the littest has in- 
variably acted so as either to improve and elaborate 
the structure of all the organisms subject to it, or 
else has left them unchanged, exactly fitted' to their 
conditions, maintained as it were in a state of balance. 
It has been held that there have been some six or 
seven great lines of descent — main branches of the 
pedigree — such as that of tlic Vertebrates, that of 
the Molluscs, that of the Insects, that of the Starfish, 
and so on ; and that along each of these lines there 
has been always and continuously a progress — a 
change in the direction of greater elaboration. 

Each of these great brandies of the family -tree is 
held to be independent — they all branch off’ nearly 
simultaneously from the main trunk like the leading 
branches of an oak. The animal forms constituting 
the series in each of these brandies are supposed to 
gradually increase in elaboration of structure ."s we 
pass upwards from tlie main trunk of origin and 
climb farther and farther towards the youngest, 
most recent twigs. New organs have, it is supposed, 
been gradually developed in each series, giving their 
possessors greater powers, enabling them tc cope 
more successfully with others in that struggle for 
existence in virtue of which these new organs 
have been little by little called into being. At the 



I 


A CHAPTER IN DARWINISM 


23 


same time here and there along the line of march, 
certain forms have been supposed to have “fallen 
out,” to have ceased to improve, and being happily 
fitted to the con^litions of life in which they were 
long ago eifisting, have continued down to the 
present, day to exist in the same low, imperfect 
conditioji. It is in this way that the lowest forms 
of anirn^ life at present existing are usually ex- 
plained, such as thc»microscopic animalcules. Amoebae 
and Infusoria. It is in this way that the lower or 
more simply -made families of higher groups have 
been generally regarded. The simpler living Mollusca 
or shellfish have been supposed necessarily to repre- 
sent the original forms of the great race of Mollusca. 
The simpler Vertebrates have been supposed neces- 
sarily to represent the original Vertebrates. The 
simpler Worms have been supposed necessarily to 
be the stereotyped representatives of very ancient 
Worms. 

That this is, to a certain extent, a true explana- 
tion of the existence at the present day of low forms 
of animals is proved by the fact that we find in very 
ancient strata fossil remains of animals which dificr, 
ev(U’ so little, from pai’ticular animals existing at the 
present ^ay ; for instance, the Brachiopods (lamp- 
shells), Lingula and Tercbratula, the King-crabs, 
and* the Pearly Nautilus are found living at the 
present. day, and are also found with no appreciable 
difference in very ancient strata of the earth’s crust ; 
strata deposited so long ago tKiat most of the forms 
of life at present inhabiting the earth’s surface had 
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not then been brought into existence, whilst other 
most strange and varied forms occupied their place, 
and have now for long ages been extinct. 

Whilst we are thus justified bj'^ the direct testi- 
mony of fossil remains in accounting for some living 
forms on the hypothesis that their peculiar conditions 
of life have been such as to maintain them for an 

t 

immense period of time in statu qxio unchanged, we 
have no reason for applying this diypothesis, and this 
only, to the explanation of all the more imperfectly 
organised forms of animal or plant life. 

It is clearly enough possible for a set of forces 
such as we sum up under the head “ natural selec- 
tion ” to so act on the structure of an organism as 
to produce one of three results, namely, these : to 
keep it in statu quo ; to iini'ease the complexity of 
its structure ; or lastly, to diminish the complexity 
of its structure. We have as possibilities either 
Balance, or Elaboration, or Degeneration. 

Owing, as it seems, to the predisposing influence 
of the systems of classification in ascending series 
proceeding steadily upwards from the “lower” or 
simplest forms to the “ higher ” or more oomplex 
forms, — systems which were prevalent before the 
doctrine of transformism had taken firm ro®t in the 
minds of naturalists, there has been up to the present 
day an endeavour to explain every existing form of 
life on the hypothesis that it has been maintained 
for long ages in a state of^ Balance ; or else on 
the hypothesis that it hafe been Elaborated, and is 
an advance, an improvement, upon its ancestors. 
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Only one naturalist — Dr. Dohrn, of Naples — ^has put 
forward the hypothesis of Degeneration as capable of 
wide application to the explanation of existing forms 
of life and hi^ arguments in favour of a general 
application of this hypothesis have not, I think, met 
with th^ ccmsideration which they merit. 

The^tatement that the hypothesis of Degeneration 
has not*been recognised by naturalists generally as 
an explanation of animal forms, requires to be cor- 
rected by the exception of certain kinds of animals, 
namely, those that are parasitic or quasi -parasitic. 
With regard to parasites, naturalists h.ave long re- 
cognised what is called retrogressive metamorphosis ; 
and parasitic animals are as a rule admitted to be 
instances of Degeneration. It is the more remark- 
able whilst the possibility of a degeneration — a loss 
of organisation ifiaking the descendant for simjder or 
lower in structure tiian its ancestor — has been ad- 
mitted for a few exceptional animals, that the same 
hypothesis should not have been applied to the ex- 
planation of other simple forms of animals. The 
hypothesis of Degeneration will, 1 believe, be found 
to reader most valuable service in pointing out the 
true relationships of animals which are a puzzle and 
ja mystery when we use only and exclusively the 
hypothesis of Balance, or the hypothesis of Elabora- 
tion. It will, as a true scientific hypothesis, help us 
to disoover causes. * 

Wo may now examine a few examples of un- 

1 “ Der Uraiiruiig der Wirbelthiere imd das Princip des Functions- 
wechsels.’’ Leipzig, 1875. 
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deniably degenerate animals, and first, I may call to 
mind the very remarkable series of lizard-like animals 
which exist in the south of Europe and in other 

C 

countries, which exhibit in closely related genera 
a gradual loss of the limbs — a local or limited -Degene- 
ration. We have the common Lizard {Lofievtg), with 
five toes on each of its well -grown fore afid hind 
limbs ; then we have side by side with this* a lizard- 
like creature, Seps, in which botlr, pairs of limbs have 
become ridiculously small, and are evidently ceasing 
to be useful in the way in which those of Lacerta 
are useful ; and lastly, we have Bipea, in which the 
anterior pair of limbs has altogether vanished, and 
only a pair of stumps, representing the hinder limbs, 
remain. 

No naturalist doubts that Seps and Bipes repre- 
sent two stages of Degeneration, or atrophy of the 
limbs ; that they have, in fact, been derived from the 
five-toed four-legged form, and have lost the locomotor 
organs once ])0ssessed by their ancestors. This very 
partial or local atrophy is not, however, that to which 
I refer when using the word D('generation. Let us 
imagine this atrophy to extend to a variety of 
important organs, so that not only the legs, but the 
organs of sense, the nervous system, and c’^en the 
mouth and digestive organs are oliliterated — then we 
shall have pictured a thorough -going instance' of 
Degeneration. 

Degeneration may be defined as a gradual change 
of the structure in which the organism becomes 
adapted to less varied and less complex conditions 
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of life ; whilst Elaboration is a gradual change of 
structure in which the organism becomes adapted 
to more and more varied and complex conditions of 
exisfence. In Elaboration there is a new expression 
of form, oorresponding to new perfection of work in 
the animal i^aclflne. In Degeneration there is sup- 
pression ^f form, corresponding to the cessation of 
work. El&boration of some one organ mojy be a 
necessary alScompaniijient of Degeneration in all the 
others ; in fact, this is very generally the case ; and 
it is only when the total result of the Elaboration of 
some organs, and the Degeneration of others, is such 
as to leave the whole animal in a lower condition, 
that is, fitted to less complex action and reaction in 
regard to its sul'roundings, than was the ancestral 
form with which we arc comparing it (either actually 
or in imagination) that we speak of that animal as 
an instance of Degemu ation. 

Any new set of conditions occurring to an animal 
which render its food and safety very easily attained, 
seem to lead as a rule to Degeneration ; just as an 
active healthy man sometimes degenerates when he 
bccomeg suddenly possessed of a fortune ; or as Eome 
degenerated when possessed of the riches of the ancient 
world. ;fhe habit of parasitism clearly acts upon 
animal organisation in this way. Let the parasitic 
life (fiicc be secured, and away go legs, jaws, eyes, and 
ears ; thg active, highly-gifted crab, insect, or annelid • 
may'become a mere sac, absorbing nourishment and 
laying eggs. * . * 

Keference was made above to the larval stage of 
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a certain shrimp (Figs. 4, 5, 6). Let us now compare 
these with the young stages of a number of shrimp- 
like animals, viz. Sacculina, Lernseocera, Lepas, Cy- 
clops, Limnetis (all drawn in Fig.^ 4), some of \^ich 
lead a parasitic life. All start equally with the re- 
capitulative phase known as the Nauf)liu^ ; but whilst 



Fig. 7. — Adult batculiiu 
(tein lie). 



Fig 8. — Adult female 

IjeiiitLOctra, 


the Nauplius of the free-living shrimp grows nyire and 
more elaborate, observe what happens to the parasites 
— they degenerate into comparatively simph; bodies ; 
and this is true of their internal structure as well as 
of their external appearance. The most utterly re- 
’ duced of these parasites is the curious Sacculina 
(Fig. 7) which infests Hermit-crabs, and is a mere 
sac filled with eggs, and absorbing nourishment from 
the juices of its host by root-like processes. 
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Lernseocera again, which in the adult condition is 
found attached to the gills of fishes, has lost the well- 
developed legs of its Nauplius childhood and become 
an elongated wormilike creature (Fig. 8), fitted only 
. to suck in’nourisliment and carry eggs. 


LARVA BALANLS, LARVA CHTHAMALUS 



Fig. 9. — Adult Barnacle or Fig. 10. — Development of Cirrhipedes (Bar- 

) Lepas (one of the Cirrhi- nacle and Sea-acorn). After Huxley, 

pedes). Natural size. 

Among.st these Nauplii — all belonging to the great 
group Grustacea, which includes crabs and shrimps — 
is one which gives rise to an animal decidedly de- 
generate,# but not precisely parasitic in its habits. 
This Nauplius is the young of the ship’s Barnacle, 
a curious stalked body, enclosed in a shell of many 
pieces (Big. 9). The egg of the Barnacle gives rise * 
to an actively swimming Nauplius, the history of 
which is very astonishing.* After swimming about 
for a time the Barnacle’s Nauplius fixes its head 
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against a piece of wood, and takes to a perfectly 
fixed, immobile state of life (Fig. 10). The upper 
figures represent the Naujilius stage of animals closely 
resembling the Barnacle ; the lower figures show the 
transformation of the Nauplius info the young 
Barnacle. Its organs of touch and of sight atrophy, 
its legs lose their locomotor function,, and are 
simply used for bringing floating particles to tlie 
orifice of the stomach ; so that an eminent naturalist 
has compared one of these animals to a man standing 
on his head and kicking his food into his mouth. 

Were it not for the reeapitulative phases in the 
development of the Barnacle, we may doubt whether 
naturalists would ever have guessed that it was a 
degenerate Crustacean. It was, in fact, for a long 
time regarded as quite remote from them, and placed 
among the snails and oysters ; its true nature was 
only admitted when the young form was discovered. 

Other parasitic organisms, which exhibit extreme 
degeneration as compared with their free-living rela- 
tives, might be cited and figured in profusion, did our 
limits permit. Very noteworthy are the degenerate 
Spiders — the mites, leading to still more degenerate 
forms, the Linguatulm.' 

We have two of these represented in Figs. 11 and 
12. The one (Fig. 11), as compared with a spider, is 

c 

1 I have, since the above was written, applied the principle of 
degeneration to the explanation of the living representtifives of the 
group Arachnida, and shewn that the King Crab (Liniulus) is the 
nearest representative of the^'ancestors df scorjiions, spiders, and mites, 
and in fact must be classed with them. Professor Claus of Vienna has, 
some years later, adopted similar views. December 1889. 
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seen still to possess the eight walking legs, small, it is 
true, whilst the palps and daggers of the spider have 
dwindled to a beak projecting from the front of the 
glot)ular unjointec^body. In the other the eight legs 
have become Inere stumps, and the body is elongated 
like thaf of » wJ^rm. 



Fig. 11. Fig. 12. 

Fig. 11. — Acaius equi. A degenei.ite Spider oriiiite, paiasitic on tlie skm of the 
• horse. 

Fig. 12. — Degenerate Spidei (Dcniodex folliciilorum) found in the skin 
of the huiuan face. 

The instances of degeneration which we have so 
far examined arc due to parasitism, except in the ex- 
ample of the Barnacle, where we have an instance of 

degeneration due to sessile and immobile habit of life. 

® • • -1 • 
We may now proceed to look at some sessile or im- 
mobile animals which are not usually regarded as de- 
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generate, but which, I think, there is every reason to 



Fic 13 — Two uliilt linns to the left Plialli^jia — to the light Cynthia the 
ineumnt ml c\( uncut oiifucs arc seen is two prominences Half the 
natural sizt 




iif 14 bi( T) • 

I K 14 —A colony ol i impound A>»cidi im (Botiylliis) f^jiowiiif, on a piece of sea 
weed (Fueus) Lieh star coi responds to eight oi more eon]oiiied \s 
eidians Natiiril size 

I IG 15 — Anatomy ot in Asei lian (Phallu la) At the top is the mouth, to the 
right the orihee of the cloaca In the cloai a lies in egg, and above ^it the 
oblong nerve ganglion The perforated ])haryux follows the mouth and leads 
to the bent intestine which is seen to open into the cloaca Tlie space around 
the curved intestine is the body cavity , in it are seen ovil bodies, the eggs, 
and quite at the lower end the curved heait "Jhe root like processes at the 
base serve to fix the Ascidian^to stones, stfells, or weed 

believe are the dcgenciate descendants of very much 
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higher and more elaborate ancestors. These are certain 
marine animals, the Ascidians, or sea-squirts. These 
animals are found encrusting rocks, stones, and weeds 
on ?he sea-bottom.^ Sometimes they are solitary (Fig. 
13), but many of them produce buds, like plants, and 
so form compound masses or sheets of individuals all 
connected^ and continuous with one another, like the 
buds on a'^e'eping plant (Fig. 14). 

We wili'examine^ne of the simple forms — a tough 
mass like a leather bottle with two openings ; water is 
continually passing in at the one and out at the other 
of these apertures. If we remove the leathery outer 
case (Fig. 15), we find that there is a soft creature 
within which has the following parts: Leading from 
the mouth a grfiat throat, followed by an intestine. 
The throat is perforated by innumerable slits, through 
which the water passes into a chamber — the cloaca : 
in passing, the water aerates the blood which circulates 
in the framework of the slits. The intestine takes a 
sharp bend, which causes it to open also into the 
cloaca. Between the orifice of the mouth and of the 
cloaca there is a nerve-ganglion. 

Myjobject in the next place is to show that the 
structure and life - history of these Ascidians may 
be best explained on the hypothesis that they are 
insta*nces of degeneration ; that they are the modi- 
fied ^iescendants of animals of higher, that is, more 
elaborate structure, and in fact are degenerate Verte- 
brata, standing in the same relation to fishes, 
frogs, and men, as do the barnahles to shrimps, crabs, 
and lobsters. 
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The young of some, but by no means of all these 
Ascidians, have a form totally different from that of 
their parents. The egg of Phallusia gives rise to 
a tadpole, a drawing of wliich placed side by side with 
the somewhat larger tadpole of the common frog is 
seen in the adjoining figure (Fig. 115). , The young 
Ascidian has the same general shape as the yjjung frog, 
but not only this ; the resemblance 'exUSnds into 
details, the internal organs agrec^g closely in the two 
cases. Further still, as shown by the beautiful re- 
searches of the Eussian naturalist, Kowalewsky, the 



Fig 16. — Tadpole of Fiog and of Ascnlian. Surface view. 

resemblance reaches absolute identity when we examine 
the way in which the various organs arise from the 
primitive egg-cell. Tail, body, spiracle, e^c, and 
mouth agree in the two tadpoles, the only important 
difference being in the position of the two mouths and 
in the fact that the Ascidian has one eye while the fr6g 
has two. • 

Now let us look at the internal organs (Fig. 17). 
There are four structures, which are all four possessed 
at some time of their iives.by ftll those animals which 
we call the Vertebrata, the great branch of the pedi- 
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gree to which fishes, reptiles, birds, beasts, and men 
belong. And the combination of these marks or 
structural peculiarities is an overwhelming piece of 
evidence in favour «f the supposition that the creatures 
• which possess this combination are derived from one 
common nncefttor. Just as one would conclude that a 
man whoif^one might meet, say on Salisbury Plain, 
must belong io the New Zealand race, if it were found 
not only that he had 1;ho colour, and the hair, and the 
shape of head of a New Zealander, but also that Ik* 


SPINAL CHORD 



Fig. 17. — Tadpole of Frog and of Ascidian Diagrams reiiresenting ^tlie chief 
iiiteinal organs 

was tattooed like a New Zealander, carried the weapons 
of a New Zealander, and, over and above, in addition 
to these J)roofs, that he talked the ]\Iaori language and 
none other ; so here, in the ease of the vertebrate race, 
thejre are certain qualities and possessions, the accumu- 
lation of whicli cannot be conceived of as occurring 
in any animal but one belonging to that race. These 
four greaP structural features are — first, the primitive 
backbone or notochord ; .second, the throat perforated 
by gill-slits ; third, the tubular nerve-centre or spinal 
cord and brain placed along the back ; and lastly, and 
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perhaps most distinctive and clinching as an evidence 
of affinity, the myelonic or cerebral eye. 

Now let us convince ourselves that these ^our 
features exist not only m the frog’s tadpole, as they do 
in all fishes, reptiles, biids, and bea^s, but ’that they i 
also exist in the Ascidian tadpole, and, it may be 
added, coexist in no other animals at all. '» 

The corresponding parts are named in Figs. 16 and 
1 7, in such a way as to render tlidir agreement tolerably 
clear, whilst in Fig. 18 a more detailed representation 
of the head of an Ascidian tadpole is given. 

J~ 0 


t 


Flo 18. — AscKlnu ladpole with i pirt only of the till C, N, nervous system 
with the enlarged brain in front and the narrow spinal chord behind {n), 

IS placed in the cavity of the brain , 0, the single cerebral eye lying m the 
brain , Oj similarly placed auditory organ , K, pharynx , d, intestine , o, 
rudiment ot the month , chj notochord or primitive backbone (From 
Gegenbaur’s Lltnuntf oj ( <niipoiati%< AnaUmxy ) 



It is clear then that the Ascidians must be admitted 
to be Vertebrates, and must be classified im that g^eat 
sub-kingdom or branch of the animal pedigree. The 
Ascidian tadpole is very unlike its parent the Ascidian, 
and has to go through a process of degeireration in 
order to arrive at thf adult sytructure. The diagrams 
which are reproduced in Figs. 19 and 20 show how 
this degeneration proceeds. It will be observed, that 
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in somewhat the same manner as the young barnacle, 
the young Ascidian fixes itself to a stone by its head ; 



Fia. 19. — Degeneration of Ascidian Tadi^ole to form tlie adult. The black pieces 
represent the rock or stone to which the Ta<Ipole has fixed its head. 



PiQ. 20. — Very young Ascidian with only two gill-slits. Compare with Fig. 16 ; 
which is, however, seen from the other side, so that left there corresponds to 
right her!. 


then the tail with its notochord and nerve-chord 
atrophies. The body grows and gradually changes its 
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shape, whilst the cloacal chamber forms. The brain 
remains quite small and undeveloped, and the remark- 
able myelonic eye (the eye in the brain) disappears. 
The number of gill-slits increases ns the animal grows 
in size and its outer skin becomes tough aifd leather- 
like. 

Before saying anything further on the .subject of 
desreneration, it seems desirable once more to direct 

O * 


V 

fj 


ri(r. Jl. Pig. 22. 

Fig. 21. — beotion thiough the eye (‘Suiface eye") of a Water beetle’s larva. 
All the alls are seen to be in a row continuous with A, the cells of the outer- 
most skin or ectodtim jh p^mented cells , retinal cells connected at o 
with the optic ncive , r/, tiansparent cells (torming a kind of “vitreous 
body ”) , /, cuticular lens. (From Oegenbaur’s Lleimnts o/^ Comparative 
Analonuj, altci Grenacher.) 

FlO. 22 — bection through the eye (“surface eye”) of a Marine Worm (Neo- 
phanta) integument spreading over the liont of the eye c; I, cuticular 
lens ; h, cavity occupied by vitreous body ; p, retinal cells pigment ; o, 
optic nerve , expansion of optic nerve. 

attention to the myelonic or cerebral eye which the 
Ascidian tadpole possesses in common with all Ver- 
tebrates. All other animals^ which have eyes develop 
the retina or sensitive part of the eye from their outer 
skin (see Figs. 21 and 22, and explanation). It is 





I 


A CHAPTER IN DARWINISM 


39 


easy to understand that an organ which is to be 
affected by the light should form on the surface of 
the, body where the light falls. It has long been 
known as a very puezling and unaccountable peculiarity 
of Vertebrates, that the retina or sensitive part of the 
eye grows oUt in the embryo as a bud or vesicle of the 
brain, an^ thus forms deeply below the surface and 
away from ihe light (see Fig. 23, and explanation). 
The Ascidian tadpolfi helps us to understand this, for 



Fig. 23. — A. Vertical section through the head of a very young fish, showing in 
the centre the cavity of the biain c. On each side is a hollow outgrowth (a) 
which will form the retina of the fish’s eye (“cerebral eye”) ; d will become 
the optic nerve connecting the brain and the retina ; d, integument. — 
Later condition of the hollow outgrowth (a) of A. Its outer wall r is pressed 
against its deeper wall^; by an ingrowth (1) fiom the outer skin (ectoderm) 
e ; r gives rise to the retinal cells, whilst only the cellular lens, is derived 
from the surface of the skin. 


it is perfectly transparent and has its eye actually 
ir^side it» brain. The light passes through the trans- 
parent tissues and acts on the pigmented eye, lying 
deep in the brain. We are thus led to the suggestion 
— and 1 4)elievc this inference to be now for the first 
time put into so many .words — ^that the original Ver- 
tebrate must have been a ttansparent animal, and had 
an eye or pair of eyes inside its brain, like that of the 
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Ascidian tadpole. As the tissues of this ancestral 
Vertebrate grew denser and more opaque, the eye- 
bearing part of the brain was forced by natural 
selection to grow outwards towards the surface, in 
order that it might still be in a position to receive the 
influence of the sun’s rays. Thus the /ery peculiar 
mode of development of the Vertebrate eye from two 
parts, a brain-vesicle (Fig. 23, A a, and B p r) and 
a skin-vesicle (Fig. 23, B e, 1), is accounted for.^ 

The cases of degeneration which I have up to this 
point brought forward, are cases which admit of very 
little dispute or doubt. They are attested by either 
the history of the individual development of the or- 
ganisms in question, as in Sacculina, in the Barnacle, 
and in the Ascidian, or they are cases where the com- 
parison of the degenerate animal with others like it 
in structure, but not degenerate, renders the hypothesis 
of degeneration an unassailable one. Such cases are 
the Acarus or mite, and the skin-worm (Demodex). 

We have seen that degeneration, or the simplifica- 
tion of the general structure of an animal, may be due 
to the ancestors of that animal having taken to one of 
two new habits of life, either the parasitic or' the im- 
mobile. Other new habits of life appear also to be 
such as to lead to degeneration. Let us suppose a race 
of animals fitted and accustomed to catch their food, 
and having a variety of organs to help them in this 
chase — suppose such animals suddenly to acquire the 

1 I do not at the present; timej, (November 1889) attach great im- 
portance to the above suggestion. The facts admit of other possible 
and plausible interpretations. 
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power of feeding on the carbonic acid dissolved in the 
water around them just as green plants do. This 
would lead to a degeneration; they would cease to 
hunt their food, ai^d would bask in the sunlight, taking 
food in *by the whole surface, as plants do by their 
leaves. , CeftaiS small flat worms, by name Convoluta, 
of a bright green colour, appear to be in this condition. 
Their green^icolour is known to be the same substance 
as leaf-green ; and .Mr. Patrick Geddes has recently 
shown that by the aid of this green substance they 
feed on carbonic acid, making starch from it as plants 
do. As a consequence we find that their stomachs 
and intestines as well as their locomotive organs be- 
come simplified, since they are but little wanted. 
These vegetating animals, as Mr. Geddes calls them, 
are the exact complement of the carnivorous plants, 
and show how a Tlegeneration of animal forms may be 
caused by vegetative nutrition. 

Another possible cause of degeneration appears to 
be the indirect . one of minute size. It cannot be 
doubted that natural selection has frequently acted on 
a race of animals so as to reduce the size of the indi- 
viduals. The smallness of size has been favourable to 
their survival in the struggle for existence, and in 
^some cases they have been reduced to even microscopic 
proportions. But this reduction of size has, when 
carried to an extreme, resulted in the loss or sup- 
pression of some of the most important organs of the 
body. The needs of a very minute creature are limited 
as compared with those* of a large one, and thus we 
may find heart and blood-vessels, gills and kidneys. 
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besides legs and muscles, lost by the diminutive de- 
generate descendants of a larger race. That this is a 
possible course of change all will, I think, admit. ^ It 
is actually exemplified in A})pendjcularia — the only 
adult representative of the Aseidian tadpole — still 
tadpole-like in form and structure, but oariously de- 
generate and simplified in its internal orgasis. This 
kind of degeneration is also exemplified in l^he Rotifers, 
or wheel animalcules, in the minute Crustacean water- 
fleas (Ostracoda), and in the Moss-polyps, or Polyzoa. 
Roughly then we may sum up the immediate ante- 
cedents of degenerative evolution as, 1, Parasitism ; 2, 
Fixity or immobility ; 3, Vegetative nutrition ; 4, Ex- 
cessive reduction of size. This is not a logical enu- 
meration, for each of these causes involves, or may be 
inseparably connected with, one or more of the others. 
It will serve for the present as well sts a more exhaus- 
tive analysis. (See Note C.) 

And now we have to note an important fact with 
regard to the evidence whicli we can obtain of the 
occurrence of this process of degeneration. We have 
seen that the most conclusive evidence is that of the 
recapitulative development of the individual. •• The 
Aseidian Phallusia shows itself to be a degenerate 
Vertebrate by beginning life as a tadpole. But such 
recapitulative development is by no means the rule. 
Quite arbitrarily, we find, it is exhibited in one animal 
and not in a nearly allied kind. Thus very* many 
animals belonging to the Aseidian group have no tad- 
pole young — just as some tree-frogs have no tadpoles. 
It is quite possible, and often, more often than not. 
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occurs that the most important part of the recapitula- 
tive phases are absent from the developmental history 
of an animal. The egg proceeds very rapidly to pro- 
duce the adult fprm, and all the wonderful series of 
changes* showing the animal’s ancestry are absolutely 
and co^plei;ely*omitted ; that is to say, all those stages 
which ar(» of importance for our present purpose. Just 
as certaiff bAdies pass from the solid to the liquid state 
at a bound, omittijig all intermediate phases of con- 
sistence, but giving evidence of “ internal work ” by 
the suggestive phenomenon of latent heat — so do these 
embryos skip long tracts in the historically continuous 
phases of form, and present to us only the intangible 
correlative “ internal work ” in place of the tangible 
series of embryonic changes of shape. 

Now I want to put this case — a supposition — before 
the reader who Ifas so far followed me in these pages. 
Suppose, as might well have happened, that the Bar- 
nacles, one and all, instead of recjipitulating in their 
early life, were to develop directly from the egg to the 
adult form, as so many animals do ; should we have 
ever made out that they wore degenerate Crustaceans ? 
Possibly we should : their adult structure still bears 
important marks of affinities with crabs and shi-imps ; 
but as ^ matter of fact before their recapitulative de- 
velopment had been discovered they were classed by 
thS great Cuvier and other naturalists with the JMolluscs, 
the mussels and snails. 

Suppose again that all the existing Ascidians, as 
many of them actually have,* had long ago lost their 
recapitulative history in growth from the egg : suppose 
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that no such a thing as an Aseidian tadpole existed, 
but that the Ascidian’s egg grew as directly as possible 
into an Aseidian, in every living species of the group. 
This might easily be the case. Th^n most assuredly 
we should not have the least notion that the Ascidians 
were degenerate Vertebrates. We slfould stijl class 
them where they used to be classed before the, Russian 
naturalist Kowalewsky discovered the true ^istory and 
structure of the Aseidian tadpole., I believe that I 
shall have the assent of every naturalist when I say 
that the vertebrate character of the Ascidians and the 
history of their degeneration would never have been 
suspected, or even dreamed of, had the A.scidian tad- 
poles ceased to appear in the course of the Aseidian 
development at a geological period anterior to the 
present epoch. 

This being the case, it must be admitted that it is 
quite possible — I do not say more than possible — that 
other groups pf animals besides parasites. Barnacles, 
and Ascidians, are degenerate. It is quite possible 
that animals with considerable complexity of structure, 
at least as complex as the Ascidians, may have been 
produced by degeneration from still more highly 
organised ancestors. Any group of animals to which 
we can turn may possibly be the result of degeneration, 
and yet offer no evidence of that degeneration in its 
growth from the egg. 

Accordingly, wherever we can note that a. group 
of organisms is characterised by habits likely to lead 
to degeneration, such as !• have enumerated, viz. 
parasitism or immobility, or certain special modes of 
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nutrition, or again, by minute size of its representatives 
— there we are justified in applying the hypothesis of 
degeneration, even in the absence of any confirmatory 
evidence from enjbryology. When we so apply this 
hypothelSis we find in not a few cases, in working over 
the details of the organisation of many different animals 
by the light which it affords — that much becomes clear 
and assigiTajJle to cause which, on the hypothesis either 
of “balance” or of •“ elaboration,” is quite hopelessly 
obscure. As examples of grouj)s of animals which can 
thus be satisfactorily explained I may cite first of all 
the Sponges : as only somewhat less degenerate, we 
have all the Polyps and Coral-animals, also the Star- 
fishes. Amongst the Mollusca — the group of head- 
less bivalves, the oysters, mussels and clams, known 
as the Lamellibranchs, are, when one once looks at 
their structure iff this light, clearly enough explained 
as degenerated from a higher type of head-bearing 
active creatures like the Cuttle-fish ; whilst the Polyzoa 
or Moss-polyps stand in precisely the same kind of 
relation to the higher Mollusca * as do the Ascidians to 
the higher Vertebrates: they have greatly degenerated, 
and become minute encrusting organisms which, like 
some of the Ascidians, build up colonies by plant-like 
budding growth. The Eotifers, or wheel animalcules, 
I have already mentioned as best explained by the 
supposition that they are the descendants of far larger 
and mere fully-organised animals provided with loco- 

1 Not to the higher Mollusca irf all probability, but to some 
higher worm-like form. The ancestry of the Polyzoa is still a pro- 
found mystery ! December, 1889. 
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motive appendages or limbs ; they have dwindled and 
degenerated to their present minute size and curiously 
suggestive structure. 

Besides these there are other very numerous cases 
of animal structure which can best be explained by 
the hypothesis of degeneration. A discussion of these, 
and a due exposition of the application of the hypo- 
thesis of degeneration to the various groups just cited, 
would involve a complete treatise on comparative 
anatomy and embryology, and lead far beyond the 
limitations of this little volume. 

All that has been, thus far, here said on the subject 
of Degeneration is so much zoological specialism, 
and may appear but a narrow restriction of the dis- 
cussion to those who are not zoologists. Though we 
may establish the hypothesis most satishictorily by 
the study of animal organisation and development, it 
is abundantly clear that degenerative evolution is by 
no means limited in its application to the field of 
zoology. It clearly offers an explanation of many 
vegetable phenomena, and is already admitted by 
botanists as the explanation of the curious facts con- 
nected with the reproductive process in the higher 
plants. As a further example of its application in 
this field, the yeast-plant may be adduced, which is 
in all probability a degenerate floating form derived 
from a species of mould. In other fields, wherever 
in fact the great principle of evolution has been 
recognised, degeneration plays^ an important part. 
In tracing the developmeht of languages, philo- 
logists have long made use of the hypothesis of 
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degeneration. Under certain conditions, in the 
mouths and minds of this or that branch of a race, 
a highly elaborate language has sometimes degener- 
atecl and become no longer fit to express complex 
or subtle conceptions, but only such as are simpler 
and more ol^viofls. (See Note D.) 

The tfifiditional history of mankind furnishes us 
with not^l^ examples of degeneration. High states 
of civilisation havcjieeayed and given place to low 
and degenerate states. At one time it was a favourite 
doctrine that the savage races of mankind were de- 
generate descendants of the higher and civilised races. 
This general and sweeping application of the doctrine 
of degeneration has been proved to be erroneous by 
careful study of the liabits, arts, and l)clicfs of savages; 
at the same time there is no doubt that many savage 
races as we at pr(?Seut sec them arc actually degene- 
rate and are descended from ancestors possessed 
of a relatively elaborate civilisation. As such we 
may cite some of the Indians of Central America, 
the modern Egyptians, and even the heirs of the 
great oriental monarchies of proe- Christian times. 
Whilst, the hypothesis of universal degeneration as 
an explanation of savage races has been justly dis- 
carded, ^t yet appears that degeneration has a very 
large share in the explanation of the condition of 
the tnost barbarous races, such as the Euegians, the 
Bushmep, and even the Australians. They exhibit 
evidence of being descended from ancestors more 
cultivated than themselves. 

With regard to ourselves, the white races of 
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Europe, the possibility of degeneration seems to 
be worth some consideration. In accordance with 
a tacit assumption of universal progress — an unrea- 
soning optimism — ^we are accustomed to regard our- 
selves as necessarily progressing, as necessarily having 
arrived at a higher and more elaborated ccyidition than 
that which our ancestors reached, and as djgstined to 
progress still further. On the other ha^d, it is well 
to remember that we are subject to the general 
laws of evolution, and are as likely to degenerate as 
to progress. As compared with the immediate fore- 
fathers of our civilisation — the ancient Greeks — we 
do not appear to have improved so far as our bodily 
structure is concerned, nor assuredly so far as some of 
our mental capacities are concerned.' Our powers of 
perceiving and expressing beauty of form have cer- 
tainly not increased since the days' of the Parthenon 
and Aphrodite of Melos. In matters of the reason, 
in the development of intellect, we may seriously 
inquire how the case stands. Does the reason of 
the average man of civilised Europe stand out clearly 
as an evidence of progress when compared with that 
of the men of bygone ages ? Are all the in\entions 
and figments of human superstition and folly, the 
self-inflicted torturing of mind, the reiterated substi- 
tution of wrong for right, and of falsehood for trutli, 
which disfigure our modern civilisation — are these 
evidences of progress ? In such respects we, have at 
least reason to fear that we may be degenerate. 
Possibly we are all drifting, tending to the condition 
of intellectual Barnacles or Ascidians. It is possible 
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for US — just as the Ascidian throws away its tail and 
its eye and sinks into a quiescent state of inferiority 
— to reject' the good gift of reason with which every 
child is born, and Jo degenerate into a contented life 
of material enjoyment accompanied by ignorance 
and superstition. The unprejudiced, all-questioning 
spirit of childhood may not inaptly be compaind to 
the tadpol * wil and eye of the young Ascidian ; we 
have to fear lest «thc prejudices, preoccupations, 
and dogmatism of modern civilisation should in any 
way lead to the atrophy and loss of the valuable 
mental qualities inherited by our young forms from 
primmval man. 

There is onl^ one means of estimating our posi- 
tion, only one means of so shaping our conduct that 
we may with certainty avoid degeneration and keep 
an onward course.* We arc as a race more fortunate 
than our ruined cousins — the degenerate Ascidians. 
For us it is possible to ascertain what will conduce 
to our higher development, what will favour our 
degeneration. To us has been given the power “ to 
know the causes of things,” and by the use of this 
power k is possible for us to control our destinies. 
It is for us by ceaseless and ever hopeful labour 
to^ try t« gain a knowledge of man’s place in the 
order of nature. When wc have gained this fully 
and minutely, we shall be able by the light of the 
past to iguide ourselves iir the future. In propor- 
tion as the whole of the past evolution of civilised 
man, of which we at present perceive the outlines, is 
assigned to its causes, we and our successors on the 

E 
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globe may expect to be able duly to estimate that 
which makes for, and that which makes against, the 
progress of the race. The full and earnest cultivation 
of Science — the Knowledge of £!auses — is that to 
which we have to look for the protection oT our race 
— even of this English branch of it — from relapse and 
degeneration. / 
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NOTES 

A 

“ Die Phantasie ist ein mientbehrliches Gut ; denn 
sie ist es, durch welche neue Combinationen zur 
Veranlassung wich tiger Entdeckungen gemacbt wer- 
den. Die Kraft der Untersclicidung des isolirenden 
Verstandes, sowohl als die der erweiternden und zum 
Allgemeinen strcbenden Phantasie sind dem Natur- 
forscher in einem harmonischen Wecliselwirken noth- 
wendig. Durch ^tdrung dieses Gleiehgewichts wird 
der Naturforscher von der Phantasie zu Triiumereien 
hingerissen, wiihrend diese Gabo den talentvollen 
Naturforscher vou hinreicheuder Verstandesstarke zu 
den wichtigsten Entdeckungen fillirt.” — Johannes 
Muller, Archiv fur Anatomic, 1834 . 

B 

To man]^ persons the conclusion that man is the 
naturally modified descendant of ajje-likc ancestors 
appears to be destructive of the belief in an immortal 
soul, and in the teachings of Christianity ; and accord- 
ingly they either reject ‘Darwinkm altogether, or claim 
for man a special exemption from the mode of origin 
admitted for other animals. 
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It seems worth while, in order to secure a calm 
and unprejudiced consideration for the teachings of 
Darwinism, to point out to such persons that, as a 
matter of fact, whatever views we may hold with 
regard to a soul and the Christian doctrines, they 
cannot be in the smallest degree affectM by the ad- 
mission that man has been derived rpm ape-like 
ancestors by a process of natural selection, so long as 
the demonstrable fact, not denied by any sane person, 
is admitted, namely, tliat every individual man grows 
by a process of natural modification from a homogene- 
ous egg-cell or corpuscle. Assuredly it (*annot lower 
our conception of man’s dignity if we have to regard 
him as “ the flower of all the ages,” bursting from the 
grccat stream of life which has flowed on through 
countless epochs with one increasing purpose, rather 
than as an isolated, miraculous being, put together 
abnormally from elemental clay, and cut off by such 
portentous origin from his follow-animals, and from 
that gracious Nature to whom he yearns with filial 
instinct, knowing her, in spite of fables, to be his dear 
mother. 

A certain number of thoughtful persons admit the 
development of man’s body by natural processes from 
ape-like ancestry, but believe in the non-natural 
intervention of a Creator at a certain definite stage in 
that development, in order to introduce into the 
animal which was at that moment a man-like ape, 
something termed “ a conscious soul,” in virtue of 
which he became an ape-like man. It appears to me 
perfectly legitimate and harmless for individuals to 
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make such an assumption if their particular form of 
philosophy or of religion requires it. Such an assump- 
tion does not in any way traverse the inferences from 
facts to which Darwinism leads us : at the same time 
zoological* science does not, and cannot be expected to, 
give any sqppcfrt to such an assumption. The 
gratuitous ['"d harmless nature of the assumption so 
far as zooloj^i^l science is concerned, and accordingly 
the baselessness of th^ hostility to Darwinism of those 
who choose to make it, may be seen by the considera- 
tion of a parallel series of facts and assumptions, 
which puts the matter clearly enough in its trae light. 

No one ventures to deny, at the present day, that 
every human being grows from the egg in utero, just 
as a dog or a monkey does ; the facts are before us 
and can bo scrutinised in detail. Wc may ask of 
those who refuse to admit the gradual and natural 
development of man’s consciousness in the ancestral 
series, passing from ape-like forms into indubitable 
man, “ How do you propose to divide the series pre- 
sented by every individual man in his growth from 
the egg ? At what particular phase in the embryonic 
series isi the soul with its potential consciousness 
implanted? Is it in the egg? in the foetus of this 
month or/)f that ? in the new-born infant ? or at five 
years of age ? ” This, it is notorious, is a point upon 
which Churches have never been able to agree ; and 
it is equally notorious that the unbroken series exists 
— that the egg becomes the foetus, the foetus the 
child, and the child the man. t)n the other hand we 
have the historical series — the scries, the existence of 
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whicli is inferred by Darwin and his adherents. This 
is a series leading from simple egg-like organisms to 
ape -like creatures, and from these to man. Will 
those who cannot answer our previous inqufries 
undertake to assert dogmatically in the present case 
at what point in the historical series thgre is a break 
or division ? At what step are we to lip asked to 
suppose that tlie order of nature was s^tJpped, and a 
non-natural soul introduced? ,,The philosopher or 
theologian of this or that school may arbitrarily draw 
an imaginary line here or there in either series, and 
the evolutionist will not raise a finger to stop him. 
As long as truth in the statement of fact, and logic 
in the inference from observed fact are respected, 
there need be no hostility between ‘evolutionist and 
theologian. The theologian is content in the case of 
individual development from the •egg to admit the 
facts of individual evolution, and to make assumptions 
which lie altogether outside the region of scientific 
inquiry. So, too, it would seem only reasonable that 
he should deal with the historical series, and frankly 
accept the natural evolution of man from lower 
animals, declaring dogmatically, if he so ple^'^sc, but 
not as an inference of the same order as are the 
inferences of science, that something calle([ the soul 
arrived at any point in the series which he may think 
suitable. At the same time, it would appear to be 
sufficient, even for the purposes of the theologian, to 
hold that whatever the two above-mentioned series 
of living things contain or imply, they do so as the 
result of a natural and uniform process of development. 
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that there has been one “miracle” once and for all 
time. It should not be a ground of offence to any 
school of thinkers, that Darwinism, whilst leaving 
them free scope, cannot be made actually contributory 
to the support of their particular tenets. 

The difficjfiltifts which the theologian has to meet 
when he is '’jelled upon to give some account of the 
origin and jSEJure of the soul, certainly cannot be said 
to have been incrca^d by the establishment of the 
Darwinian theory. For from the earliest days of the 
Church, ingenious speculation has been lavished on 
the subject. As to the origin of the individual soul, 
Tertullian tells us as follows, De Anima, chap. xix. : 
“ Anima vclut surculus quidam ex matrice Adami in 
propaginem deducta, et gcuitalibus scmine foveis com- 
modata. Pullulabit tarn intcllectu (piam et scnsu.” 

Whilst St. Augustine says : “ Harum autem sen- 
tentiarum quatuor de anima, utrum de propagine 
veniant, an in singulis quibusque nascentibus mox 
fiant, an in corpora nasccntium jam alicubi existcntes 
vel mittantur divinitus, vel sua sponte labantur, 
nullam, temere ajjrrrnari oporteret : aut enim nondum 
ista quajstio a divinorum librorum catholicis tracta- 
toribus, pro merito suaj obscuritatis et perplexitatis, 
evoluta ajque illustrata est ; aut si jam factum est, 
nondum in maims nostras hujuscemodi litterso pro- 
venertint.” 

* C 

A VERY important form* of •degeneration, not touched 
on in the text, is that exhibited in the Mexican axo- 
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loti, where the larval form of a Salamander develops 
generative organs, and is arrested in its further pro- 
gress to the adult parental form. It is not possible 
to class this with the other phenomena which I ^ave 
enumerated as Degeneration, since there is no modi- 
fication of an adult structure, but simpje arrest, and 
retention of the larval structure in all its completeness. 
1 should call the phenomenon exhibited (j^the axolotl 
“arrest” or “ super-larvation ” rjither than degenera- 
tion. 

The result of super-larvation is in so far similar to 
that of those changes to whicli it is desirable to 
restrict the term “ degeneration,” that it may be 
classed under “ simplificative evolution ” as opposed 
to “ elaborative evolution.” That tliere is a very real 
difference between sujjcr-larvation and degeneration 
may best bo seen by taking a case of^ach process and in- 
stituting a comjiarison. The axolotl proceeds regularly 
on its course of development from the egg, but instead 
of passing from the a<i[uatic gillcd condition to the 
terrestrial gill-less adult form of the Salamander, it 
remains arrested in the earlier condition, develops its 
reproductive organs, and propagates its(*lf. .There is 
no loss or atrophy in this case, but simply a dead stoj) 
in a progressive course. On the other hajud, as we 
have seen, the Ascidian loses, by a process of atrophy 
and destruction, a powerful locomotive orgiln, a 
highly -developed eye, a relatively large, nervous 
system. The former may be compared to a perma- 
nent childishness, the latter to the second childhood, 
which is really atrophy and decay. It is highly prob- 
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able that super-larvation has taken place at various 
ejDOchs and in various groups of the animal kingdom, 
just as it does in the axolotl, and yet we cannot hope 
for evidence fitted to establish its occurrence in any 
one casej where it is no longer possible by exceptional 
conditions rSeover (as in the case of the axolotl, 
which canwejcperimentally be made to advance to the 
Salamand^ J^)hase by proper treatment), the discarded, 
more developed aclj^ilt form. By super-larvation it 
would be possible for an embryonic form developed in 
relation to sj^ecial embryonic conditions and not re- 
capitulative of an ancestry, to become the adult form 
of the race, and thus to give to tlic subsequent evolu- 
tion of that race a totally different and otherwise 
improbable direction. 

It seems also exceedingly probable that super-larva- 
tion does not Of^ur (udy as iu the axolotl through 
premature maturation of the reproductive organs, but 
the phenomenon may develop itself mo)’e slowly by a 
gradual creeping forward, as it were, of larval features. 
Just as the adaptations ac(iuired in, and having rela- 
tion to, later life tend to show themselves in an early 
period^of the development of the individual and out 
of due season ; so do characters acquired by the early 
embryo, and having relation only to this early period 
of life tend to remain as permanent structures, and 
by Iheir invasion to perturb the adult organisation. 
Such perturbation may tend either to simplification 
or elaboration. 
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The term (degeneration of language) includes tVo 
very distinct things ; the one is degeneration jof gram- 
matical form, the other degeneration •f tjie language 
as an instrument of thought. The fori^SJ' is a far 
commoner phenomenon than the latter, ^ajd, in fact, 
whilst actually degenerating so far as grammatical 
complexity is concerned, a language may be at the 
same time becoming more and more serviceable, or 
more and more perfect as an organ having a particular 
function. The decay of useless inflections and the 
consequent simplification of language may be com- 
pared to the specialisation of the 6ne toe of the 
primitively five-toed foot of the horse, whilst the four 
others which existed in arehaic h®rses are, one by 
one, atrophied. Taken by itself, this phenomenon 
may possibly be described as degeneration, but inas- 
much as the whole horse is not degenerate, but, on 
the contrary, specialised and elaborated, it is advis- 
able to widely distinguish such local atroj)hy from 
general degeneration. In the same way language 
cannot, in relation to this question, be treated as a 
thing by itself — it must be regarded as a p(^session 
of the human organism, and the simplification of its 
structure merely means in most cases its more c&m- 
plete adaptation to the requirements of the organism. 
True degeneration of language is therefore only 
found as part and parcel of a more general degenera- 
tion of mental activity. To some extent the conclu- 



I 


A CHAPTER IN DARWINISM 


59 


sion that this or that language, as compared with its 
earlier condition, exhibits evidence of such degenera- 
tion, must be matter of taste and open to discussion. 
For instance, the English of Johnson may be regarded 
as degenerate when compared with that of Shake- 
speare. ^ Th%re te less probability of a difference of 
opinion as to the degeneracy of modern Greek as 
compared ^iijh “ classical Greek ; or of some of the 
modern languages qf Hindustan as compared with 
Sanskrit, and I am informed that the same kind of 
degeneration is exhibited by modern Irish as compared 
with old Irish. Degeneration, in the proper sense of 
the word, so far as it applies to language, would seem 
to mean simply a decay or diversion of literary taste 
and of literary production in the race to which such 
language may be appropriate. 
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BIOLOGY AND THE STATE 

It has become the custom for the presidents of the 
various Sections of this Association to open the pro- 
ceedings of the departments with the chairmanship of 
which they are charged, by formal addresses. In re- 
flecting on the topics which it might be desirable for 
me to bring under your notice, as your president, on 
the present occasion, it has occurred to me that I 
might use this opportunity most fitly by departing 
somewhat from the prevailing custom of reviewing the 
progress of science in some siiecial direction during the 
past year, and that, instead of placing before you a 
summary of the results recently obtained by the in- 
vestigations of biologists in this or that line of inquiry, 
I might ask your attention and that of the external 
public (who are wont to give some kindly considera- 
tion to the opinions expressed on these occasions) to 
a matter which is even more directly connected with 
the avowed object of our Association, namely, “the 
Advancement of Science.” I propose to place before 
you a few observations upoh the provision which exists 
in this country for the advancement of that branch of 
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science to whicli Section D is dedicated — namely, 
Biology. 

1 am aware that it is usual for those who spcalj of 
men of science and their pursuits to ignore altogether 
such sordid topics as the one which I haA'^e tihosen to 
bring forward. A certain pride on the c/ag Imiid, and 
a willing aecjniesceiice on the otli('r hand, usually pre- 
vent those who are professionally concerned with 
scientific pursuits from exposing to the public the 
pecuniary destitution and the conse([uent crippling 
and languor of scicntifi<‘ research in this country. 
Those Englishmen who take an interest in the progress 
of science arc apt to suppose that, in some way which 
they have never ch'arly understood, the pursuit of 
scientific truth is not only its own reward, but also a 
sufficient source of food, drink, and clothing. Whilst 
they are interested and amused by the remarkable 
discoveries of scientific men, they are astonished when- 
ever a proposal is mentioned to assign salaries to a 
few such persons sufficient to enable them to live 
decently while devoting their time and strength to 
investigation. The publi<- are becoming more and 
more anxious to have the opinion or report of ccientific 
men upon matters of commercial importance, or in 
relation to the public health ; and yet in ninety-nine 
cases out of a hundred they expect to have that 
ojiinion for the asking, although accustomed to pay 
other professional men hanilsomely for similar service. 
There is, it appears, in the public mind a vague belief 
that men who occupy their time with the endeavour 
to add to knowledge in this or that branch of science 
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are rftysteriously supported by the State Exchequer, 
and are thus fair game for attacking with all sorts of 
demands for gratuitous service ; or, on the other hand, 
the notion at work ^appears sometimes to be that the 
making of new knowledge — in fact, scientific discovery 
— is an ^agro^jabft pastime, in which some ingenious 
gentlemen, whose business in other directions takes 
up their be^ hours, find relaxation after dinner or on 
the spare hours of Sunday. Such mistaken views 
ought to be dispelled with all possible celerity and 
determination. It is in part owing to the fact that 
the real state of the case is not widely and persistently 
made known to the public, that no attempt is made 
in this country to raise scientific research, and especially 
biological research, from the condition of destitution 
and neglect under which it suffers — a condition which 
is far below that oi^ these same interests in France and 
Germany, and even in Holland, Belgium, Italy, and 
Eussia, and is discreditable to England in proportion 
as she is richer than other States. 

It appears to me that, in placing this matter before 
you, I may remove myself from any suggestion of 
self-interest by at once stating that the great defect 
to which I shall draw your attention is not that the 
few existij:ig public positions which are open in this 
country to men who intend to devote their chief 
energies to biological research are endowed with in- 
sufficient. salaries, but that there is not anything like 
a sufficiently large number of those posts, and that 
there is in that respect, from a national point of view, 
a pecuniary starvation of biology, a withholding of 

F 
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money which (to use another metaphor) is no less the 
sinews of the war of science against ignorance than of 
other less glorious campaigns. Surely men engaged 
in the scientific profession may advocate the claim of 
science to maintenance and needful pecuniary provi- 
sion ! It seems to me that we shodld,»if lyicessary, 
stifle, rather than be controlled by, that pride which 
tempts us to paint the scientific career as one far 
above and independent of pecuniary considerations ; 
whereas all the while we know that knowledge is lan- 
guishing, that able men are drawn off from scientific 
research into other careers, that important discoveries 
are approached and their final grasp relinquished, that 
great men depart and leave no disciples or successors, 
simply for want of that which is largely given in other 
countries, of that which is most abundant in this 
country, and is so lavishly expended on armies and 
navies, on the development of commercial resources, 
on a hundred injurious or meaningless charities — viz. 
money. 

I have no doubt that I have the sympathy of all 
my hearers in wishing for more extensive provision 
in this country for the prosecution of scientifici:esearch, 
and especially of biological research. I need hardly 
remind this audience of the almost romantje history 
of some of the great discoveries which have been made 
in reference to the nature and history of living things, 
during the past century. The microscope, which was 
a drawing-room toy a hundred years ago, has, in the 
hands of devoted and gifted students of nature, been 
the means of giving us knowledge which, on the one 
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hand, has saved thousands of surgical patients from 
terrible pain and death, and, on the other hand, has 
lai^J the foundation of that new philosophy with which 
the name of Darwin will for ever be associated. When 
Ehrenbefg and, later, Dujardin described and figured 
the various ^orms of Monas, Vibrio, Spirillum, and 
Bacteri^ which their microscopes revealed to them, 
no one could predict that "fifty years later these 
organisms would be* recognised as the cause of that 
dangerous suppuration of wounds which so often 
defeated the beneficent effoi’ts of the surgeon and 
made an operation in a hospital ward as dangerous to 
the patient as residence in a plague-stricken city. 
Yet this is the result which the assiduous studies of 
the biologists, provided with laboratories and mainten- 
ance by Continental States, have in due time brought 
to light. Theodore Schwann, professor at Li^ge, first 
showed that these Bacteria are the cause of the putre- 
faction of organic substances, and subsequently the 
French chemist Pasteur, professor in the Ecole Normale 
of Paris, confirmed and extended Schwann’s discovery, 
so as to establish the belief that all putrefactive 
changes*are due to such minute organisms, and that 
if these organisms can be kept at bay no putrefaction 
cap occur*in any given substance. 

It was reserved for our countryman, Joseph Lister, 
to apply this result to the treatment of wounds, and 
by his famous antiseptic method to destroy by means 
of special poisons the putrefacj;ive organisms which 
necessarily find their way into the neighbourhood of 
a wound, or of the surgeon’s knife and dressings, and 
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to ward off by similar means the access of such 
organisms to the wounded surface. The amount of 
death, not to speak of the suffering short of deq.th, 
which the knowledge of Bacteria gained by the micro- 
scope has thus averted is incalculable. 

Yet further, the discoveries of Ehrenbf^rg, Schwann, 
and Pasteur are bearing fruit of a similar kind in other 
directions. It seems in the highest de^ee probable 
that the terrible scourge known as’tubercular consump- 
tion or phthisis is due to a parasitic Bacterium (Bacillus), 
discovered two years since by Koch of Berlin, as the 
immediate result of investigations which he was com- 
missioned to carry on at the public expense, in the 
specially erected Laboratory of Public Health, by the 
German Imperial Government. The diseases known 
as erysipelas and glanders or farcy have similarly, 
within the past few months in German State-supported 
laboratories, been shoivn to be due to the attacks of 
special kinds of Bacteria. At present this knowledge 
has not led to a successful method of combating those 
diseases, but we can hardly doubt that it will ultimately 
do so. We are warranted in this belief by the fact 
that the disease known as “ splenic fever ” in cattle and 
“ malignant pustule ” or anthrax in man has likewise 
been shown to be due to the action of a special kind 
of Bacterium, and that this knowledge has, in the 
hands of MM. Toussaint and Pasteur, led to a treatment 
in relation to this disease similar to that of vaccination 
in relation to small-jjox. By, cultivation a modified 
growth of the anthrax parasite is obtained, which is 
then used in order to inoculate cattle and sheep with 
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a mild form of the disease, such inoculation having 
the result of rendering the cattle and sheep free from 
the attacks of the severe form of disease, just as 
vaccination or inocjulation with cow-pox protects T ua n 
from the* attack of the deadly small-pox. One other 
case I njay •all ^o mind in which knowledge of the 
presence of Bacteria as the cause of disease has led to 
successful Curative treatment. A not uncommon 
affliction is inflammation of the bladder accompanied 
by ammoniacal decomposition of the urine. Micro- 
scopical investigation has shown that this ammoniacal 
decomposition is entirely due to the activity of a 
Bacterium. Fortunately this Bacterium is at once 
killed by weak solutions of quinine, which can be 
injected into the bladder without causing any injury 
or irritation. This example appears to have great 
importance, because it is the fiict that many kinds of 
Bacteria are not killed by solutions of quinine, but 
require other and much more irritant poisons to destroy 
their life, which could not be injected into the bladder 
without causing disastrous effects. Since some 
Bacteria are killed by one poison and some by 
another^ it becomes a matter of the keenest interest 
to find out all such poisons ; and possibly among 
them mi^y be some which can be applied so as to 
kill the Bacteria which produce phthisis, erysipelas, 
glanders, anthrax, and other scourges of humanity, 
whilst not acting injuriously upon the body of 

the victim in which these infinitesimal parasites 

• • 

are doing their deadly Vork. In such ways as 
this biology has turned the toy “magnifying-glass” 
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of the last century into a saver of life and health. 
(See Appendix A.) 

No less has the same agency revolutionised the 
thoughts of men in every branch, of philosophy and 
speculation. The knowledge of the growth of the 
chick from the egg and of other organisms from simi- 
larly constituted beginnings has been slowly and con- 
tinuously gained by prodigious labour, extending over 
generation after generation of ^students who have 
occupied the laboratories and lived on the stipends 
provided by the Governments of European States — 
not English, but chiefly German. It is this history 
of the development of the individual animal and plant 
from a simple homogeneous beginning to a complex 
heterogeneous adult which has furnished the starting- 
point for the wide -reaching Doctrine of Evolution. 
It is this knowledge, coupled with the knowledge of 
the myriad details of structure of all kinds of animals 
and plants which the faithful occupants of laboratories 
and the guardians of biological collections have in 
the past hundred years laboriously searched out and 
recorded — it is this which enabled Darwin to propound, 
to test, and to firmly establish his theory of tljD origin 
of species by natural selection, and finally to bring the 
origin, development, and progress of man ^/ilso into 
the area of physical science. I have said enough, in 
referring only to two very diverse examples of the 
far-reaching consequences flowing from the discoveries 
of single-minded investigators in biological science, 
to remind my hearers that' in the domain of biology, 
as in other sciences, the results attained by those who 
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have laboured simply to extend our knowledge of the 
structure and properties of living things, in the faith 
that every increase of knowledge will ultimately bring 
its blessing to hum^ity, have in fact led with astonish- 
ing rapidity to conclusions affecting most profoundly 
both the, bodily %,nd the mental welfare of the com- 
munity. 

We who*know the beneficent results which must 
flow more and more, from the labours of those who 
are able to create new knowledge of living things, or, 
in other words, are able to aid in the growth of bio- 
logical science, must feel something more than regret 
— even indignation — that England should do so small 
a proportion of the laborious investigation which is 
necessary, and is being carried on for our profit by 
other nationalities. It must not be supposed, because 
we have had our HUrvey and our Darwin, our Hunter 
and our Lister, that therefore we have done and are 
doing all that is needful in the increase of biological 
science. The position of this country in relation to 
the progress of science is not to be decided by the 
citation of great names. 

We require to look more fully into the matter 
than this. The question is not whether England has 
produced ^ome great discoverers, or as many as any 
other nationality, but whether we might not, with 
advantage to our own community and that of the 
civilised .world generally, do far more in the field of 
scientific investigation than we do. 

It may be laid down as a general proposition, to 
which I know of no important exception, that scientific 
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discovery has only been made by one of two classes 
of men, namely — (1) those whoso time could be devoted 
to it in virtue of their possessing inherited fortunes ; 
(2) those whose time could be deyoted to it in virtue 
of their possessing a stipend or endowment •especially 
assigned to them for that purpose, • 

Now it is a very remarkable fact that in England, 
far more than in any other country, the possessors of 
private fortunes have devoted thomselvos to scientific 
investigation. Not only have we in all parts of the 
country numerous dilettanti^ who, especially in various 
branches of biology, do valuable work in continually 
adding to knowledge, quietly pursuing their favourite 
study without seeking to reach to any great eminence, 
but it is the fact that many of the greatest names of 
English discoverers in science are those of men who 
held no professional position dosirfned to maintain an 
investigator, but owed their opportunity simply to the 
fact that they enjoyed a more or less ample income 
by inheritance. Thus, Harvey possessed a private 
fortune, Darwin al.so, and LyelJ. Such also is true of 
some of tlie English naturalists, who more recently 
have most succcs.sfully devoted their energies to re- 
search.^ Those who wish to defend the present neglect 
of the Government and of public institutions to pro- 
vide means for the carrying on of scientific research in 

1 I use this word in its best and truest sense, and would refer 
those who have been accustomed to associate with it somoriniplication 
of contempt, to the wise and appreciative remarks of Goethe on Dilettanti. 

* I had in mind my friead Professoi Frank Balfour of Cambridge, 
whose untimely death has been an irreparable blow to the progress of 
science in this country. December 1889. 
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this country are accustomed to declare as a justifica- 
tion for this neglect that we do very well without such 
provision, inasmuch as the cultivation of science here 
flourishes in the hapds of those who are in a position 
of pecuniary independence. The reply to this is obvi- 
ous. If ,thos« fc'^ of our countrymen who by accident 
are placed in an independent position show such ability 
in the prosfibution of scientific research, how much 
more would be effectgd in the same direction were the 
machinery provided to enable those also who are not 
accidentally favoured by fortune to enter upon the same 
kind of work ? The number of wealthy men who have 
distinguished themselves in scientific research in Eng- 
land is simply evidence that there is a natural ability 
and liking for such work in the English character, and 
is a distinct encouragement to those who have it in 
their power to do St) to ofier the opportunity of devot- 
ing themselves to research to a larger number of the 
members of the community. It is impossible to doubt 
that there are hundreds of men amongst us who have 
as great capacity for scientific discovery as those whom 
fortune has favoured with leisure and opportunity. 
It canaot be doubted that, were the means 
provided to enable even a proportion of such 
men to give themselves up to scientific investiga- 
tion, great discoveries, of no less importance to 
the florid than those relative to the causes of 
disease ^nd the development of living things 
from the egg which I have cited, would be 
made as a direct consequence of their activity, 
whereas now we must wait until in due course 
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of time these discoveries shall be made for us 
in the laboratories of Germany, France, or Russia. 

It should further be pointed out that it is altogether 
a mistake to suppose that the exisfence amongst us of 
a few very eminent men is any evidence that we are 
contributing largely to the hard work of/careful study 
and observation which really forms the material upon 
which the conclusions of eminent discoverSrs are based. 
You will find in every depaftment of biological 
knowledge that the hard work of investigation is 
being carried on by the well-trained army of German 
observers. Whether you ask the zoologist, the 
botanist, the physiologist, or the anthropologist, you 
will get the same answer ; it is to German sources 
that he looks for new information ; it is in German 
workshops that discoveries, each small in itself, but 
gradually leading up to great conclusions, are daily 
being made. To a very large extent the business of 
those who are occupied with teaching or applying 
biological science in this country consists in making 
known what has been done in German laboratories ; 
our English students flock to Germany to learn the 
methods of scientific research ; and to such a*state of 
weakness is English science reduced for want of proper 
nurture and support, that even on some o(, the rare 
occasions when a capable investigator of biological 
problems has been required for the public service, it 
has been necessary to obtain the assistaijce of a 
foreigner trained in the laboratories of Germany. 
(See Appendix B.) • * 

Let me now briefly explain what are the arrange- 
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ments, in number and in kind, which exist in other 
countries for the purpose of promoting the advance- 
ment of biological science, and are wanting in this 
country. ^ 

In the German Empire, with a population of 
45,000,000, tliere^rc twenty-one universities. These 
universities are very different from anything which 
goes by the ffbme in this country. Amongst its other 
arrangements devoted to the study and teaching of 
aU branches of learning and science, each university 
has five institutes, or establishments, devoted to the 
prosecution of researches in biological science. These 
are respectively the physiological, the zoological, the 
anatomical, the pathological, and the botanical. In 
one of these universities of average size, each of the 
institutes named consists of a spacious building con- 
taining many roomsf fitted as woi’kshoj)S, provided with 
instruments, a museum, and, in the last instance, with 
an experimental garden. All this is provided and 
maintained by the State. At the head of each insti- 
tute is the university professor respectively of physio- 
logy, of zoology, of anatomy, of pathology, or of 
botany. *110 is paid a stipend by the State, which in 
the smallest university is as low as ,£120, but may be 
in others ^ much as £700, and averages say £400 a 
year. Considering the relative expenditure of the 
professional classes in the two countries, this average 
may be f^iken as equal to £800 a year in England.^ 

^ From the fact that the salaries of jwJges, civil servants, military 
and naval officers, parsons and schoolmasters, as also the fees of physi- 
cians and lawyers, are in Germany even less than half what is paid to 



76 


BIOLOGY AND THE STATE 


II 


Besides the professor, each institute has attached to 
it, with salaries paid by the State, two qualified assist- 
ants, who in course of time will succeed to independ- 
ent positions. A liberal allowance is also made to 
each institute by the State for the purchase of instru- 
ments, material for study, and for tfie p.®.y of servants, 
so that the total expenditure on professor, assistants, 
laboratory service, and maintenance, av&ages £800 a 
year for each institute — reaching as much as £2000 
or £3000 a year in the larger universities. It is the 
business of the professor, in conjunction with his as- 
sistants and the advanced students, who are admitted 
to work in the laboratories free of charge, to carry on 
investigations, to create new knowledge in the several 
domains of physiology, zoology, anatomy, pathology, 
and botany. It is for this that the professor receives 
his stipend, and it is on his sucliess in this field of 
labour that his promotion to a more important or 
better paid post in another university depends. In 
addition to and irrespectively of this part of his duties, 
each professor is charged with the delivery of courses 
of lectures and of elementary instruction to the general 
students of the university, and for this he is allowed 
to charge a certain fee to each student, which he re- 
ceives himself ; the total of such fees may, in the case 
of a largely attended university and a popular subject, 
form a very important addition to the professorial 
income ; but it is distinctly to be understood that such 

payment by fees is only an addition to the professor’s 

• 

their representatives in England, I think that we are justified in 
making this estimate. 
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income, quite independent of his stipend and of his 
regular occupation in the laboratory : it is paid from 
a segaratc source and for a separate object. There are 
thus in the German, Empire more fi. in 100 such in- 
stitutes d^oiC'^ to the prosecution i f biological dis- 
covery, carried oif at an annual cost to the State of 
about £80,000, equal to about £160,000 in England, 
providing posits of graduated value for 300 investiga- 
tors, some of small value, sufficient to carry the young 
student through the earlier portion of his career, 
whilst he is being trained and acting as the assistant 
of more experienced men — others forming the sufficient 
but not too valuable prizes which are the rewards of 
continuous and successful labour. 

In addition to these university institutes, there 
are in Germany such special laboratories of research, 
with duly salaried sfaff of investigators, as the Imperial 
Sanitary Institute of Berlin, and the large museums 
of Berlin, Bremen, and other large towns, correspond- 
ing to our own British Museum of Natural History. 

Moreover, we must be careful to note, in making 
any comparison with the arrangements existing in 
England^ that there are, in addition to the universities 
in Germany, a number of other educational institu- 
tions, at feast equal in number, which are known as 
polytechnic schools, technical colleges, and agricultural 
colleges. These furnish posts of emolument to a 
limited number of biological students, who give 
courses of instruction to their pupils, but they have 
not the same arrangements for research as the uni- 
versities, and are closely similar to those colleges 
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.which have be»n founded of late years in the pro- 
vincial towns oflEngland, such as Bristol, Nottingham, 
and Leeds. Tte latter are sometimes quoted by 
yianguine personiP who are satisfied, with the neglected 
condition of scilsntific training and reseafch in this 
country, as really sufficient and adequate representa- 
tives of the German universities. As a matter of 
fact, the excellent English colleges in question do not 
present anything at all comparable to the arrange- 
ments of a German university, and are, in respect of 
the amount of money which is expended upon them, 
the number of their teaching staff, and the efficiency 
of their laboratories, inferior not merely to the smallest 
German university, but inferior to many of tlie techni- 
cal schools of that country. 

Passing from Germany, I would now ask your 
attention for a moment to an institution which is 
supported by the French Government, and which — 
quite irrespective of the French university system, 
which is not on the whole superior to our own — 
constitutes one of the most effective arrangements in 
any European State for the production of new know- 
ledge. The institution to which I allude is the College 
de France in Paris — coexisting there with the Sor- 
bonne, the Ecole de Medecinc, the Ecole Nermale, the 
Jardin des Plantes, and other State-supported institu- 
tions — in which opportunity is provided for those 
Frenchmen who have the requisite talent "to pursue 
scientific discovery in the department of biology, 
and in other branches of science. I particularly men- 
tion the College de France, because it appears to me 
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that the foundation of such a college in London wouhc 
be one of the simplest and most direct steps that could- 
be Jaken towards filling, in some degree, the void? 
from which English science suffers. The College chs 
France is divided into a literary and a scientific faculty .f 
Each fa(jultji% cofisists of some twenty professors. 
Each professor in the scientific faculty is provided 
with a labofS,tory and assistants (as many as four 
assistants in some oases), and with a considerable 
allowance for the expenses of the instruments and 
materials required in research. The personal stipend 
of each professor is £400, which has been increased 
by an additional £100 a year in some cases from the 
Government Department charged with the promotion 
of higher studies. The professors in this institution, 
as in the German universities, when a vacancy occurs, 
have the right of dominating their futui-c colleague, 
their recommendation being accepted by the Govern- 
ment. The professors are not expected to give any 
elementary instruction, but are directed to earry on 
original investigations, in prosecuting which they may 
associate with themselves pupils who are sufficiently 
advanced* to join in such work ; and it is further the 
duty of each professor to give a course of forty lectures 
in each y#ar upon the results of the researches in 
which he is engaged. There are at present among 
the professors of the College de France four of the 
most distinguished among contemporary students of 
biological science : Professor Brown-S^quard, Professor 
Marey, Professor Balbiani,* and Professor Ranvier. 
Every one who is acquainted with the progress of 
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jology, will admit that the opportunities afforded to 
ithese men have not been wasted ; they have, as the 
’^ult of the position in which tliqy have been placed, 
produced abundant and most valuable work, and 
have, in addition, trained younger 'men- to .carry on 
the same line of activity. It was here, too, in the 
College de France, that the great genihs of Claude 
Bernard found the necessary conditions for its de- 
velopment. 

Let us now see how many and what kind of 
institutions there are in England devised so as to 
promote the making of new knowledge in biological 
science. Most persons are apt to be deceived in this 
matter by the fact that the terms “ university,” 
“ professorship,” and “ college ” are used very freely 
in England in reference to institutions which have no 
pecuniary resources whatever, and which, instead of 
corresponding to the German arrangements which go 
by these names, are empty titles, neither backed by 
adequate subsidy of the State nor by endowment from 
private sources. 

In England, with its 25,000,000 inhabitants, there 
are only four universities which possess endowments 
and professoriates — viz. Oxford, Cambridge Durham, 
and the Victoria (Owens College). Besides these, 
which are variously and specially organised each in its 
own way, there are the London Colleges (University 
and King’s), the Normal School of Science at South 
Kensington, and various' provincial colleges, which 
are to a small and varying extent in possession of 
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funds which could be or are used to promote scientific 
research. Amongst all these variously arranged in- 
stitutions there is an extraordinarily small amount of 
pro'^sion for biolo^cal research. In London there is 
one professorship only, that at the Normal School of 
Science, whicji i» maintained by a stipend paid by 
the State, and has a laboratory and salaried assistants, 
similarly ^m.*iptained, in connection with it. The 
only other posts in l^ondon which are provided with 
stipends intended to enable their holders to pursue 
researches in the domain of biological science, are the 
two chairs of physiology and of zoology at University 
College, which, through the munificence of a private 
individual (Mr. .Jodrell), have been endowed to the 
extent of .£250 a year each. (See Appendix C.) To 
these should be added, in our calculation, certain posts 
in connection witlt the British JMuseum of Natural 
History and the Royal Gardens at Kew, maintained 
by the State ; though it must be remembered that a 
large part of the expenditure in those institutions is 
necessarily taken up in the preservation of great 
national collections, and is not applicable to the sub- 
vention gf investigators. We may, however, reckon 
about six posts, great and small, in the British 
Museum, and four at Kew, as coming into the category 
which we have in view. In London, then, we may 
reckoif approximately some fourteen or fifteen sub- 
sidised pogts for biological research. In Oxford there 
fall under this category the professorship of anatomy 
and his assistant, that of physiology, that of zoology, 
that of botany. The Oxford professorships are well 

G 
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supported by endowment, averaging £700 or £800 a 
year ; but they are inadequately provided with assist- 
ance as compared with corresponding German posi- 
tions. Whilst Oxford has thus fiye posts, Cambridge 
has at present the same number, though the stipends 
are of less average value. In regard Jo Durham, it 
does not appear that the biological professorships 
(which have their scat in the Newcastle College of 
Science) are supported l)y stipends derived from 
endowment ; they fall under another category, to 
which allusion will be made below, of purely teaching 
positions, supported by the fees paid for such teaching 
by pupils. The Victoria University (Owens College, 
Manchester), supports its professors of physiology, 
anatomy, zoology, botany, and pathology, by means 
partly of endowment, partly of pupils’ fees. By the 
provision of adequate laljoratories- and of salaries for 
assistants to each professor, and of student -fellow- 
ships, Owens College gives direct support to original 
investigation. We may reckon five major and eight 
minor posts as dedicated to biological research in this 
college. Altogether, then, we have 15 positions in 
London and 23 in the provinces (taking assisjantships, 
and professorships, and curatorships together) — a total 
of 38 in all England with its 25,000,000 inhabitants, 
as against the 300 in Germany with its 45,OOO,0OO 
inhabitants. In proportion to its population (leaving- 
aside the consideration of its greater wealth), England 
has only about one-fourth of the provision for the 
advancement of biotogical research which exists in 
Germany. 
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It would not be fair to reckon in this comparison 
the various biological professorships in small colleges 
recently created, and paid to a small extent by stipends 
derived from endo^jirments, in the provincial towns of 
England, for the holders of these chairs are called upon 
to teacl^ a •'•aridty of subjects, for instance, zoology, 
botany, and geology combined ; and not only is the 
devotion of* .the energies of their teaching staff to 
scientific discovery not contemplated in the arrange- 
ment of those institutions, but, as a matter of fact, the 
large demands made on the professors in the way of 
teaching must deprive them of the time necessary for 
any serious investigation. Such posts, in the fact that 
neither time, assistants, nor proper laboratories are 
provided to enable their holders to engage in scientific 
research, are schoolmastcrships rather than professor- 
ships, as the worn is used in German universities. 
(See Appendix C.) 

One result of the exceedingly small provision of 
positions in England similar to those furnished by the 
German university system, and of the irregular, un- 
certain character of many of those which do exist, is 
that there is an insufficient supply of young men willing 
to enter upon the career of zoologist, botanist, physiolo- 
gist, or pathologist as a profession. The number of 
posts is too small to create a profession, i.e. an avenue 
of success; and consequently, whereas in Germany 
there is always a large body of new men ready to fill 
up the vacancies as they occur in the professorial 
organisation, in England ft very naturally does not 
appear to our university students as a reasonable thing 
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to enter upon research as a profession, when the 
chances of employment are so few and far between. 

Before stating, as I propose to do, what appears to 
me a reasonable and proper method of removing to 
some extent the defect in our national life due to 
the want of provision for scientific rdsear-^h, I will en- 
deavour to meet some of the objections which are 
usually raised to such views as those which I am ad- 
vocating. The endowment of research by the State, 
or from public funds of any kind, is opposed on various 
grounds. One is that such action on the part of the 
Government is well enough in Continental States, but 
is contrary to the spirit of English statecraft, which 
leaves scientific as well as otlier enteriwise to the in- 
dividual initiative of the people. Idiis objection is 
based on error, both as to fixet and theory. It is well 
enough to leave to individual elfort the conduct of 
such enterprises as are remunerative to the parties who 
conduct them ; but it is a mistake to speak of scientific 
research as an “ enterprise ” at all. The mistake arises 
from the extraordinary pertinacity with which so- 
called “ invention ” is confounded with the discovery 
of scientific truth. New knowledge in biological or 
other branches of science cannot be sold ; it has no 
marketable value. Koch could not have sold the 
discovery of the Bacterium of phthisis for as much as 
sixpence, had he xvished to do so. Accordingly, we 
find that there is not, and never has been, any tendency 
among the citizens of . this country to provide for 
themselves institutions f6r the manufacture of an 
article of so little pecuniary value to the individual 
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who turns it out as is new knowledge. On the other 
hand, as a matter of fact, the providing of means for 
the»manufacturc of that article is not only not foreign 
to English statecraft, but is largely, though not largely 
enough, undertal^en by the English State. The Royal 
Observatories, the British Museum, the Royal Gardens 
at Kew, the geological Survey, the Government grant 
of £4000 a year to the Royal Society, the £300 or 
£400 a year (not a large sum) expended through the 
medical officer of the Privy Council upon the experi- 
mental investigation of disease, are ample evidence 
that such providing of means for creating new know- 
ledge forms part of the natural and recognised re- 
sponsibilities of the British Government. Such a 
responsibility clearly is recognised in this country, 
and does fall, accoj.’ding to the present arrangement 
of things, upon the central Government. What we 
have to regret is, that those who temporarily hold the 
reins of government fail to perceive the lamentable 
inadequacy of the mode in which this responsibility 
is met. 

A second objection which is made to the endow- 
ment of research by public funds, or by other means, 
such as voluntary contributions, is this : it is stated 
that men Engaged in scientific research ought to teach, 
and thus gain their livelihood. It is argued, in fact, 
that there is no need whatever to provide stipends or 
laboratories for researchers, since they have only to 
stand up and teach in o¥der to make incomes sufficient 
to keep them and their families, and to provide them- 
selves with laboratories. This is a very plausible 
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statement, because it is the fact that some investigators 
have also been excellent lecturers, and have been able 
to make an income by teaching whilst carrying cn a 
limited amount of scientific investigation. But neither 

O ^ 

by teaching in the form of popular lectures, nor by 
teaching university or professional studeifts who desire 
as a result to pass some examination test, is it possible, 
where there is a fair field and no fiivour, for a man to 
gain a reasonable income and “lit the same time to 
leave himself time and energy to carry on original in- 
vestigations in science. 

In some universities, such as those of Scotland, the 
privilege of conferring degrees of pecuniary value to 
their possessors becomes a source of income to the 
professors of the university ; they are, in fact, able to 
make considerable incomes, independently of endow- 
ment, by compelling the candidates for degrees to pay 
a fee to each profc.ssor in the faculty for the right of 
attending his lectures and of presentation to the degree. 
Conserpiently, teaching here appears to be producing 
an income which may support a researcher ; in reality, 
it is the acquisition of the university degree, and not 
necessarily the teaching, for which the pupil* pays his 
fee. Where the teacher is unprotected by any com- 
pulsory regulations (such as that which requi’j-es attend- 
ance on his lectures and fee-i)aymcnt on the part of 
the pupils) it is impossible for him to obtain such an 
income by teaching for one hour a day as AVill enable 
him to devote the rect of the day to unremunerative 
study and investigation, for the following reason. 
Other teachers, equally satisfactory as teachers, will 
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enter into competition with him, without having the 
same intention of teaching for one hour only, and of 
carrying on researches for the rest of the day. They 
will contempLate teaching for six hours a day, and 
they will accordingly offer to those who require to be 
taught ekher^ix fiours’ teacliing for the same fee which 
the researcher charges for one, or one hour for a sixth 
part of that fee. Consequently the unprotected re- 
searcher will find hfs lecture-room deserted — pupils 
will naturally go to the ecpially good teacher who 
gives more teaching for the same fee, or the same 
teaching for a less fee. And no one can say that this 
is not as it should be. The university pupil requires 
a certain course of instruction, wdiich he ought to be 
able to buy at the clieapcst rate. It does not seem to 
be doing justice to the pupil to compel him to form 
one of a class consisting of some liimdreds of hearers, 
where he can obtain but little jicrsonal supervision or 
attention from the teacher, whereas if he had the free 
disposal of his fei*, he might obtain six times the 
amount of attention from another teaeher. This 
arrangement does not seem to be justifiable, even for 
the purjlbse of providing the university professor with 
an income and leisure to pursue scientific research. 
The student’s fee .should pay for a given amount of 
teaching at the market value, and he has just cause 
of complaint if, by compulsory enactments, he is taxed 
to provide the country with scientific investigation. 

Teaching must, in ijll fairnqps, ultimately be paid 
for as teaching, and scientific research must be pro- 
vided for, out of other funds than those extracted from 
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the pockets of needy students, who have a reasonable 
right to demand, ii> return for their fees, a full modi- 
cum of instruction and direction in study. t 

In the German universities, the professor receives 
a stipend which provides for him as an investigator. 
He also gives lectures, for which he chai*ges a fee, but 
no student is compelled to attend those lectures as 
a condition of obtaining his degree. ‘ Accordingly, 
independent teachers can, and do, comjietc with 
the professor in providing for the student’s require- 
ments in the matter of instruction. As a consequence, 
the fees charged for teaching are exceedingly small, 
and the student can feel assured that he is obtaining 
his money’s worth for his money. He is not com- 
pelled to pay any fee to any teacher as a condition of 
his promotion to the university decree. In a German 
university, if the professor in a given subject is in- 
competent, or the class overcrowded, the student can 
take his fee to a private teacher, and get better 
teaching ; all that is reejuired of the candidate, as 
a condition of his promotion to the Doctor’s degree, 
is that he shall satisfy the examination-tests imposed 
by the faculty, and produce an original thesis. 

Unless there be some such compelling influence as 
that obtaining in the Scotch universities, erftibling the 
would-be researcher to gather to him pupils and fees 
without fear of competition, it seems impossible that 
he should gain an income by teaching whilst* reserving 
to himself time and energy for. the pursuit of scientific 
inquiry. It is thus seen that the necessity of endow- 
ment, in some form or another, to make provision for 
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scientific research, is a reality, in spite of the suggestion 
that teaching affords a means whereby the researcher 
may readUy provide for himself. The simple fact 
is that a teacher (ftin only make a sufiicient income 
by teaching, on the condition that he devotes his 
whole time atid energy to that occupation. 

Whilst I feel called upon to emphatically distinguish 
the two functions — viz. that of creating new knoiv- 
ledge, and that of distributing existing knowledge — 
and to maintain that it is only by arbitrary and 
undesirable arrangements, not likely to be tolerated, 
or, at any rate, extended, at the present day, that the 
latter can be made to serve as the support of the 
former, I must lie careful to point out that I agree 
most cordially with those who hold that it is an 
excellent thing for a man who is engaged in the one 
to give a certain amount of time to the other. It 
is a matter of experience that the best teachers of 
a subject are, cceteris jnxribus, those who are actually 
engaged in the advancement of that subject, and who 
have shown such a thorough understanding of that 
subject as is necessary for making new knowledge 
in connection with it. It is also, in most cases, a 
good thing for the man engaged in research to have a 
certain srhall amount of change of occupation, and to 
be called upon to take such a survey of the subject in 
connection with which his researches are made, as 
is involved in the delivery of a course of lectures and 
other details of teaching. Thoj^gh it is not a thing to 
be contemplated that the researcher shall sell his 
instruction at a price sufficiently high to enable him 
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to live by teaching, yet it is a good thing to make 
teaching an additional and subsidiary part of his life’s 
work. This cud is effected in Germany by making it 
a duty of the professor, already suj/^orted by a stipend, 
to give some five or six lectures a week during the 
academical session, for which he is jiaid by tke fees of 
his hearers. The fees are low, but arc sufficient to be 
an inducement; and, inasmuch as the 'attendance of 
the students is not compulsopy, the professor is 
stimulated to produce good and effective lectures at a 
reasonable charge, so as to attract pupils who would 
seek instruction from some one else if the lectures 
were not good or the fees too high. Indeed, in 
Germany this system works so much to the advantage 
of the students, that the private teachers of the 
universities at one time obtained the creation of a 
regulation forbidding the 2)rofessors to reduce their 
fees below a certain minimum, since, with so low a fee 
as some professors were charging, it was impossible 
for a jnivate teacher to com2>ete ! Tliis state of things 
may be compared, with mucli advantage, Avith the 
condition of British universities. In these we hear, 
from one dire(ition, comjilaints of the high fee* charged 
and of the ineffective teaching given l)y the pro- 
fessoriate ; and in other universities, where po 
ade<2uate fees are allowed to the jirofessors as a 
stimulus to them to offer useful and efficient teaching, 
we find that the teaching has passed entirely out 
of their hands into, tlio.se ,of coUege tutors and 
lecturers. The fact is tllat a satisfactory relation 
between teaching and research is one which will not 
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naturally and spontaneously arrange itself. It can 
hardly be said to exist in any British university or 
college, but the method has been thought out and 
carried into practice in Germany. It consists in giving 
a competent researcher a stipend and a laboratory for 
his research {\rork, and then requiring him to do a 
small amount of teaching, remunerated by fees pro- 
portionate to his ability and the pains which he may 
take in his teachintj;-. * If you pay him a fixed sum as 
a teacher, or artificially insure the attendance of his 
class, instead of letting this part of his income vary 
simply and directly with the attractiveness of his 
teaching, you will find as the result that (with rare 
exceptions) he will not give eftective and useful 
teaching. He will naturally tend to do the minimum 
required of him, in a perfunctoiy w^ay. On the other 
hand, if you leave fiim without stipend as a researcher, 
dependent on the fees of pupils for an income, he will 
give all his time and energies to teaching, he will 
cease to do any research, and become, 'pro tmito, an 
inferior teacher. 

A third objection which is sometimes made to the 
proposition that scientific research must be supported 
and paid for as such, is the following : It is believed 
by, many qjersons that a man who occupies his best 
energies in scientific research can always, if he choose, 
make an income by writing popular books or news- 
paper ai'ticles in his spare hours ; and, accordingly, 
it is gravely maintained tfia^ there is no need to 
provide stipends and the means of carrying on their 
work for researchers. To do so, according to this 
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view, would be to encourage them in an exclusive 
reticence, and to remove from them the inducement to 
address the public on the subject of their researches, 
by which the public would lose valuable instruction. 

This view has been seriously urged, or I should 
not here notice it. Any one who is aef^uainted with 
the sale of scientific books, and the profits which either 
author or publisher makes by them, knows that the 
suggestion which I have quottid is ludicrous. The 
writing of a good book is not a thing to be done 
in leisure moments, and such as have been the result 
of original research have cost their authors often years 
of labour apart from the mere writing. Mr. Darwin’s 
books, no doubt, have had a large sale ; but that 
is due to the fact, apart from the exceptional genius of 
the man who wrote them, that tlicy represent some 
thirty or more years of hard work, during which he 
was silent. There is not a sufiicicntly large public 
interested in the progress of science to enable a 
researcher to gain an income by writing books, 
however great his literary facility. A school-book or 
class-book may now and then add more or less to the 
income of a scientific investigator ; but *he who 
becomes the popular exponent of scientific ideas, 
except in a very moderate and limited degree, must 
abandon the work of creating new knowledge.. The 
professional litterateur of science is as much removed 
by his occupation from all opportunity df serious 
investigation as is the .professional teacher who has to 
consume all his time in teaehing. Any other pro- 
fession — such as the Bar, Medicine, or the Church — 
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is more likely to leave one of its followers time and 
means for scientific research than is that of either the 
popular writer or the successful teacher. 

We have, then, qeen that there is no escape from 
the necessity of providing stipends and laboratories 
for the purpos/i of’ creating new knowledge, as is done 
in Continental States, if we are agreed that more of 
this new kn?),wledge is needed and is among the 
products which a ciyilised community is bound to 
turn out, both for its own benefit and for that of 
the community of States, which give to and take from 
one another in such matters. 

There arc some who would finally attack our 
contention by denying that new knowledge is a good 
thing, and by refusing to recognise any obligation on 
the part of England to contribute her share to that 
common stock of iacreasiug knowledge by which she 
necessarily profits. Among such persons are those 
who would prohibit altogether the pursuit of experi- 
mental physiology in England, and yet would not and 
do not hesitate to avail themselves of the services 
of medical men, whose power of rendering those 
services ejepends on the fact that they have learnt the 
results obtained by the experiments of physiologists 
in other cyuiitries or in former times. In reference to 
this strange contempt and even hatred of science, 
which* undoubtedly has an existence among some 
persons of consideration, even at the present day, 
I shall have a few words to say before concluding 
this address. I have *how to *ask you to listen to 
what seems to me to be the demand which we should 
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make, as members of a British Association for the 
Advancement of Science, in respect of adequate 
provision for the creation of new knowledge in the 
field of biology in England. , 

Taking England alone, as distinct from Scotland 
and Ireland, we require, in order tcf be approximately 
on a level with Germany, forty new biological insti- 
tutes, distributed among the five branches of physi- 
ology, zoology, anatomy, pathology, and botany — forty 
in addition to the fifteen which wc may reckon {taking 
one place with another) as already existing. The 
average cost of the buildings required would be about 
£4000 for each, giving a total initial expenditure of 
£160,000 ; the average cost of stipends for the director, 
assistants, and maintenance we may calculate at £1500 
annually for each, or £60,000 for the forty — equal to 
a capital sum of £2,000,000. Th^.se institutes should 
be distributed in groujis of five — eight groups in all — 
throughout the country. One such group would be 
placed in London (which is, at present, almost totally 
destitute of such arrangements), one in Bristol, one in 
Birmingham, one in Nottingham, one in Leeds, one in 
Newcastle, one in Ipswich, one in Cardiff, oi?.e in Ply- 
mouth — in fact, one in each of the great towns of the 
kingdom where there is at present, or wjiere there 
might be with advantage, a centre of professional 
education and higher study. The first and the most 
liberally arranged of these biological institutes — em- 
bracing its five branches, each with its special laboratory 
and staff — should be in London. If we can have 
nothing else, surely we may demand, with some hope 
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that our request will eventually obtain compliance, the 
formation in London of a College of Scientific Kesearch 
similar to that of Paris (the College de France). It 
is one of the misfortunes and disgraces of London that 
— alone amongst the capitals of Europe, with the 
exception of Con itantinople — it is destitute of any 
institution corresponding to the universities and 
colleges of research which exist elsewhere. 

Either in connection with a properly organised 
teaching university or as an independent institution, 
it seems to me a primary need of the day that the 
Government sliould establish in London laboratories 
for scientific research. Two hundred and fifty years 
ago Sir Thomas Gresham founded an institution for 
scientific research in the City of London. The property 
which he left for this jiurpose is now estimated to be 
worth three milli«ns sterling. This property was 
deliberately appropriated to other uses by the Corpor- 
ation of the City of London and the Mercers’ Company 
about a hundred years since, with the consent of both 
Houses of Parliament. By this outrageous act of 
spoliation these Corporations, who were the trustees 
of Gresh{jm, have incurred the curse which he quaintly 
inserted in his will in the liope of restraining them 
from attempts to divert his property from the uses to 
winch he destined it. “Gresham’s curse” runs as 
follows : “ And that 1 do require and charge the said 
Corporations and chief governors thereof, with circum- 
spect Diligence and without long Delay, to procure 
and see to be done and 'obtained, as they will answer 
the same before Almighty God : (for if they or any of 
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them should neglect the obtaining of such Licenses or 
Warrants, which I trust can not be difficult, nor so 
chargeable, but that the overplus of my Rents and 
Profits of the Premisses hereinbefore to them disposed, 
will soon recompense the same ; because to, soe good 
Purpose in the Commonwealth, no Prinqp nor Council 
in any Age, will deny or defeat the same. And if 
conveniently by my Will or other Cmivenience, 1 
might assure it, I would not leave it to l)e done after 
my death, then the same shall revert to my heirs, 
whereas I do mean the same to the Commonwealth, 
and then the Default thereof shall be to the Re- 
proach and Condemnation of the said Corporations 
afore God).” I confess that I find it difficult to see 
how the present representatives of the Corporations 
who jierverted Gresham’s trust are to escape from 
justly d(*sorving the curse pronou'.ieed against those 
Corjiorations, unless they conscientiously take steps to 
restore Gresham’s money to its proper uses. Let us 
hope that Gresham’s curse may be realised in no more 
deadly form than that of an Act of Parliament repeal- 
ing the former one which sanctioned the perversion of 
Gresham’s money. Such a sequel to the Report of the 
Commission which has recently inquired into the pro- 
ceedings of the Corjjoration and Companies of the City 
of London is not unlikdy. 

Whilst we should, I think, especially press upon 
public attention the need for an institute of scientific 
research in London, and indicate the source from which 
its funds may be fitly’derived,' we must also urge the 
foundation of other institutes in the provinces upon 
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the scale abeady sketched, because it is only by the 
existence of numerous posts, and of a series of such 
posts — some of greater and some of less value, the 
latter more numeroys than the former — that anything 
like a professional career for scientific workers can be 
cbnstructed. # It is especially necessary to constitute 
what I Lave termed ‘‘ assistantships,” that is, junior 
posts in which younger m(*n assist and are trained by 
more experienced mcjn. Even in the few institutions 
which do already exist additional provision of this 
kind is what is Tvanted more than anything else, so 
that there may be a progressiv^ career open to the 
young student, and a sufficient field of trained investi- 
gators from which to select in filling up the vacancies 
in more valuable positions. 

I am Avell aware that it will be said that 
the scheme whicli 1 have projDOScd to you is 
gigantic and almost alarming in respect of the 
amount of money which it demands. One hundred 
and sixty thousand pounds a year for biology 
alone must seem, not to my hearers, but to those 
who regard biology as an amusing speculation — 
that is Jio say, who know little or nothing about 
it — an extravagant suggestion. Unfortunately 
it is also^true that such persons are very numerous 
— in fact, constitute an overwhelming majority 
of thfe community ; but they are becoming less 
numerous every day. The time will come, it 
seems possible, when there will be more than one 
member of the Government who will understand 

and appreciate the value of scientific research. 

H 
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There are already a few niembers of the House 
of Conimoiis wlio are fully alive to its significance 
and importance. ^ 

W e may have to wait for the ^'xpenditure of such 
a sum as I have named, and possibly it may be derived 
ultimately from local rather tliau*iniQerial^ sources, 
though I do not see why it should be ; yet I think it 
is a good thing to realise now that tjris is what wo 
ought to expend in order to be on a level with Germany. 
This apparently extravagant and unheard-of appropri- 
ation of public money is actually made every year in 
Germany. ' 

I think it is well to put the matter before you in 
this definite manner, l)ecause 1 have reason to believe 
that even tho.se whom we might exj^ect to be well 
informed in regard to such matters, are not so, and as 
a consequence there is not that kotiii sense of the in- 
feriority and inadequacy of English arrangements in 
these matters which one would gladly see actuating 
the conduct of English state,smen. For instance, only 
a few years ago, when speaking at Nottingham, the 
present Prime Minister, who has taken an active part 
in rearranging our univei-sities, and has, it is well 
known, much interest in science and learning, stattnl 
that £27,000, the capital sum expended on the Notting- 
ham College of Science, was a very important contri- 
bution to the support of learning in this ccCuntry, 
amounting, as he said he was able to state, from the 
perusal of official documents, to as much as one-thu’d 
of what was spent in ‘Germany during the past year 
upon her numerous universities, which were so often 
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held up to England as an example of a well supported 
academical system. Now, I do not think that Mr. 
Gladstone can have ever had the opportunity of con- 
sidering the actua^ facts with regard to German uni- 
versities,* for he was in this instance misled by the 
official retuiji of* expenditure on a single university, 
namely, that of Strasburg ; the total annual expendi- 
ture on the vjventy-one German universities being, in 
reality, about £800,^00, by the side of which a capital 
sum of £27,000 looks very small indeed. I cannot 
but believe that if the facts were known to public men, 
in reference to the expenditure incurred by foreign 
States in suj^port of scientific inquiry, they would be 
willing to do something in this country of a sufficient 
and statesmanlike character. As it is, the concessions 
which have been made in this direction a 2 )pear to me 
to be in some insffinces not based upon a really com- 
prehensive knowledge of the situation. Thus the 
tentative grant of £4000 a year from the Treasury to 
the Eoyal Society of London ajipears to me not to be 
a well-devised experiment in the promotion of scientific 
research by means of grants of money, because it is on 
too smajl a scale to produce any definite effect, and 
because the money cannot be relied tipon from year to 
year as ^ permanent source of support to any serious 
undertaking. 

T^ie Eoyal Society most laboriously and conscien- 
tiously does its best to use this money to the satis- 
faction of the country, but the task thus assigned to 
it is one of almost insurmountable difficulty. In fact, 
no such miniature experiments arc needed. The 
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experiment has been made on a large scale in Ger- 
many, and satisfactory results have been obtained. 
The reasonable course to pursue is to benefit by the 
experience, as to details and methpds of administra- 
tion, obtained in the course of the last sixty years in 
Germany, and to apply that experience .to our own 
case. 

It is quite clear that “ the voluntary piinciple ” can 
do little towards the ade<piatc endowment of scientific 
research. Anident endowments belonging to the 
country must be applied thereto, or else local or im- 
perial taxes must be the source of the necessary sup- 
port. Seeing that the results of research are distinctly 
of imperial, and not of loc*al value — it would seem 
appropriate that a portion of the imperial revenue 
should be devoted tc their achievement. In fact, as 
I have before mentioned, the principle of such an 
application of i^ublic money has long been admitted, 
and is in operation. (Sec Appendix C.) 

Whilst voluntary donations on the part of private 
persons can do little to constitute a fund which shall 
provide the requisite endownu'iit for the scheme of 
biological institutes which 1 have sketched (not to 
mention those required for other branches of science), 
yet those who are interested in the progress of scien- 
tific investigation may by individual effort do some- 
thing, hoAvever little, towards placing research' in a 
more advantageous position in this country. Suppos- 
ing it were possible, as I am sanguine enough to 
believe that it is, to collect in the course of a year or 
two from private sources a sum of £20,000 for the 
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maintenance of a biological laboratory and staff, it 
would be necessary, in expending so limited a sum, to 
airft at the provision of something which would be 
likely to^produce tlie largest and most obvious results 
in return for th^ outlay, and to benefit the largest 
number* of scientific observers in this department. 

I believe that it is the general opinion among 
biologists that there could be no more generally 
useful institution tlius set in operation than a bio- 
logical laboratory upon tlie sea-coast, which, besides 
its own permanent staff of officers, would throw open 
its resources to such naturalists as might from time 
to time be able to devote themselves to researches 
within its precincts. There is no such laboratory on 
the whole of the long line of British coast. At 
Naples there is Bohrn’s celebrated and invaluable 
laboratory, which is frecpientod by naturalists from all 
parts of the world ; at Trieste the Austrian Govern- 
ment supports such a laboratory ; at Concarneau, 
Boscoff, and Villcfranche, the French Government has 
such institutions ; at Beaufort, in North Carolina, 
the Johns Hopkins University has its marine labora- 
tory ; and at Newport, Professor Alexander Agassiz 
has arranged a very perfect institution also for the 
study of Inarinc life. In spite of the great interest 
which, English naturalists have always taken in the 
exploration of the sea and marine organisms — 
in spite of the fact that the success and even 
the existence of our fishprihs-findustries to a large 
extent depends upon our gaining the knowledge 
which a well -organised laboratory of marine biology 
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would help US to gain, there is actually no such 
institution in existence. 

This is not the occasion on which to explain pre- 
cisely how and to what extent a laboratory of marine 
zoology might be of national importance. I hope to 
see that matter brought before the Section during the 
course of our meeting. But I may point out now, 
that though it appears to mo that the great need for 
biological institutes, to whicli 1 have drawn your 
attention, can not be met by private munificence, and 
must in the end be arranged for liy the continued 
action of the Government in carrying out a policy to 
which it has for many years been committed, and 
which has been approved by Conservatives and 
Liberals alike — yet such a spi'cial institution as a 
laboratory of marine biology, serving as a tem 2 )orary 
workshop to any and all of our numerous students of 
the important problems connected with the life of 
marine plants and animals, might very well be under- 
taken from pri\ ate funds. Should it be possible, on 
the occasion of this meeting of the British Association 
in Southport, to obtain some promise of assistance 
towards the realisation of this project, I t^iink we 
shall be able to congratulate ourselves on having done 
something, though small perhaps in amount, towards 
making better provision for biological research, and 
therefore something towards the advancement of 
science.^ 

' The wish here expressed wa8"8ixbsefpiently realised. By public 
subscription and Government aid, a well -equipped laboratory has 
been erected on the shore of Plymouth Sound. For an account of 
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In conclusion, let me say that, in advocating 
to-day the claim of biological science to a far greater 
measure of support than it receives at present from 
the public funds, !• have endeavouri'd to press that 
claim chiefly on the ground of the obvious utility to 
the community of that kind of knowledge which is 
called biology. 1 have endeavoured to meet the 
opposition of tho-se who ol)ject to the interference of 
the State wherever ife may be possil)le to attain the 
end in view without such interference, but who 
profess themselves willing to see public money ex- 
pended in promoting objects which arc* of real import- 
ance to the counti}', and which caiimjt be trusted to 
the voluntary enterprise arising from the operation of 
the laws of self-preservation and the struggle for 
wealth. There are, however, it seems to nu*, further 
reasons for desiring a tlioi’ough and practical recogni- 
tion by the State of the value of scientific research. 
There are not wanting persons of some cultivation 
who have jierceived and fully realised the value of 
that knowledge which is called science, and of its 
methods, and yet are anxious to restrain rather than 
to aid th« growth of that knowledge. They find in 
science something inimical to their own interests, and 
acfordingiy either condemn it as dangerous and un- 
trustworthy, or encourage themselves to treat it with 
contempt by asserting that “ after all, science counts 
for very little ” — a statement which is unhappily true 

in one sense, though totally ipitjue when it is intended 

• 

its history and organisation, the reader is referied to the appendix to 
No. V. ot* the present beries of paper'>. December 1889. 



104 


BIOLOGY AND THE STATE 


II 


fco signi%^ that the progress of science is not a matter 
which profoundly influences every factor in the well- 
being of the community. Amongst such people Ijiere 
is a positive hatred of science, which finds expression 
in their exclusion of it, even at this day, from the 
ordinary curriculum of public school education, and 
in the baseless though oft -repeated calumny that 
science is hostile to art, and is responsible for all tliat 
is harsh, ugly, and repulsive in riodern life, d'o such 
opponents of the advanccnnent of sci(‘uce, it is of little 
use to olFcr explanations and arguments. But avc 
may, when we reflect on their instinctive hostility 
and the misrepresentations of .science and tlio .scientific 
spirit wliicli it leads them to disseminate, console 
ourselves by bringing to mind what science really is, 
and what trul}' is the nature of that calling in Avhich a 
man who makt's new knowledge isVngagcd. 

They mock at the botani'^t a.^ a ])cdant, and the 
zoologist as a monomaniac ; they execrate the physi- 
ologist as a monster of cruelty, and brand the geolo- 
gist as a blasphemer ; <*hemistry is Indd re.sponsible for 
the abomination of aniline dyes and the pollution of 
rivers, and physics for the dirt and misery‘‘of great 
factory towns. By thc.se mibeli(‘vers science is 
declared re.sponsible for individual eccentricities ^ of 
character, as well as for the sins of the commercial 
utilisers of new knowledge. I’hc pursuit of science is 
said to produce a dearth of imagination, incaiiability 
of enjoying the beauty, either of nature or of art, 
scorn of literary culture, arrogance, irreverence, vanity, 
and the ambition of personal glorification. 
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Such are the charges from time to time |[iade by 
those who dislike science, and for such reasons they 
woujd withhold, and persuade others to withhold, the 
fair measure of sujjjiort for scientific research which 
this country owes to the community of civilised 
States. .Not* in ^’eply to these misrepresentations, 
but by way of contrast, I would here state what 
science seems .to be to those who are on the other 
side, and how, thcroftn-e, it seems to them wrong to 
delay in doing all tliat the wealth and power of the 
State can do to jiromotc its progress. 

Science is not a name applicable to any one branch 
of knowledge, but includes all knowledge which is of 
a certain order or scale of completeness. All know- 
ledge which is dei'p enough to touch the causes of 
things, is Science ; all impiiry into the causes of things 
is scientific impiir}*. It is not only coe.vtensive with 
the area of human knowledge, but no l)raneh of it can 
advance far without reacting upon other branches ; 
no department of Science can l)e neglected without 
sooner or later causing a check to other departments. 
No man can ti uly say this branch of Science is useful 
and shall be cultivated, whilst this is worthless and 
shall be let alone ; for all are necessarv, and one grows 
by the ai(i of another, and in turn furnishes methods 
and results assisting in the progress of that from 
which *t lately borrowed. 

We desire the increase and the support and the 
acceptance of Science, not only because it has a certain 
material value and enables men to battle with the 
forces of nature and to turn them to account, so as to 
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increase both the intensity and the extension of 
healthy human life ; that is a good reason, and for 
some persons, it may be, the only reason. But ^lere 
is something to be said beyond this. 

The pursuit of scientific discovery, the making of 
new knowledge, gratifies an app^titc«r which, from 
whatever cause it may arise, is deeply seated in man’s 
nature, and indeed is the most distinctive of his 
properties. ]\Ian owes this intense desire to know 
the nature of things, smothered tliough it often be by 
other cravings which lie shares with tlie brutes, to an 
inherited race-perception stronger tlian tiie reasoning 
faculty of the individual. Wlnm once aroused and in 
a measure gratified, this desire becomes a guiding 
2>assi()n. 'I’he instinctive tendency to search out the 
causes of things, gradually strengthening as genera- 
tion after generation of men Ifave stumbled and 
struggled in ignorance, has at last become an active 
and widely extending force ; it has given rise to a 
new faith. 

’I'o obey this in.stinct — that is, to aid in the jiro- 
duction of new knowledge— is tlic keenest and the 
purest pleasure of which man is ca2)able, groater than 
that derived from the ex('rcise of his animal faculties, 
in proportion as man’s mind is something greater and 
further developed than the mind of brutes. It is in 
itself an unmixed good, the one thing wliicl* com- 
mends itself as still “worth while” wlien all other 
employments and delights 2)rove themselves stale and 
unprofitable. * 

Arrogant and foolish as those men have appeared 
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who, in times of persecution and in the midst of a con- 
temptuous society, have, with an ardour proportioned 
to th» prevailing neglect, pursued some special line of 
scientific iiKpiiry, it ie nevertheless true that in itself, 
apart from* special social conditions. Science must 
develop in* a ceftnmunity whicli honours and desires it 
before all things, qualities and characteristics which 
are the highest,* the most human of human attributes. 
These are, firstly, tlie* fi'arless love and unflinching 
acceptance of truth ; hopeful patience ; that true 
humility wliieli is content not to know what cannot 
be known, yet labours and waits ; love of Nature, who 
is not less, but more, worsliipped by those wlio know 
her best ; love of the human brotherhood for whom 
and with whom tlu' growtli of Science is desired and 
effected. 

No one can trace the limits of Science, nor the 
possibilities of happiness both of mind and body 
Avhicli it may bring in the future to mankind. Bound- 
less though the pros[)ect is, _\et the minutest contribu- 
tion to the onward growth has its absolute and un- 
assailable value ; once made it can never be lost ; its 
effect is fcfr ever in the history of man. 

Arts perish, and the noblest works which artists 
givp to tlpc world. Art (though the souri'o of gi-eat 
and noble delights) cannot create nor perpetuate; it 
embodies only that which already exists in human 
experiencA', whilst the results of its highest flights are 
doomed to decay and ^sterility A vain regret, a 
constant efibrt to emulate *or to imitate the past, is 
the fitting and laudable characteristic of Art at the 
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present day. There is, indeed, no truth in the 
popular partition of human affairs lietween Scieiice 
and Art as between two antagonistic or even compar- 
able interests ; but tlie contrast which they present 
in points such as those just mentioned *is forcible. 
Science is essentially ereative ; new knowledge — the 
experience and understanding of things which w^ere 
previously non-existent for man’s intelligence, is its 
constant achievement. And '^these creations never 
perish ; the new is built on and incorporates the old ; 
there is no turning back to recover what has lapsed 
through age ; the oldest discovery is oven fresher than 
the new, yielding in ever increasing number new 
results, in which it is itself reproducc'd and perpetu- 
ated, as the parent in the child. 

This, then, is the faith which has taken shape in 
proportion as the innate de.sire of man for more 
knowledge has asserted itself — naiiiely, that there 
is no greater good than the increasi' of Science ; 
that through it all other good will follow. Good 
as Science is in itself, the desi)-e and search for 
it is even better, raisiim men al)ove vile things 
and worthless competitions to .a fuller" life and 
keener enjoyments. Through it we believe that 
man will be saved from misery and dcgi’adation, 
not merely acquiring new material powers, but 
learning to use Jind to guide his life with undc'r- 
standing. Through Science he will be freed from 
the fetters of superstition; through faith in Science 
he will acquire a new and enduring delight in 
the exercise of his capacities ; he will gain a zest 
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and interest in life such as the present phase of 
culture fails to supply. 

In opposition to the view that the pursuit of 
Science can obtain a strong hold upon human life, it 
may be argued, that on no reasonable ground can it 
appear a ^neccsisarjf or advantageous thing to the 
individual man to concern himself with the growth 
and progress of .that which is merely likely to benefit 
the distant posterity o:^ the human race. Our reply 
is ; Let those who contend for the reasonableness of 
human motives develop, if they can, any theory of 
human conduct in which reasonable self-interest shall 
be man’s guide. We do not contend for any such 
theory. By reasoning we may explain and trace the 
development of human nature, but we cannot change 
it by any such process, it is. demonstrably unreason- 
able for the individftal man, guided by self-interest, 
to share the dangers and privations of his brother- 
man, and yet, in common with many lower animals, 
he has an inherited cjuality which makes it a pleasure 
to him to do so ; it is unreasonable for the mother to 
protect her offspring, and yet it is the natural and 
inherited quality of mothers to derive pleasure from 
doing so ; it is unreasonable for the half-starved poor 
to aid theij wholly starving brethren, and yet such 
compassion is natural and pleasurable to those who 
show it,*and is the constant rule of life. Unreason- 
able though these things are from the point of view 
of individual self-interest, yet they are done because 
to do them is pleasurable, to leave them undone a 
pain. The race htis, as it were, in these respects 
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befooled the individual, and iu the course of evolution 
has planted in him, iu its own interests, an irrational 
capacity for taking pleasure in doing that which no 
reasoning in regard to self-interest could justify. As 
with these low'er and more widely distributed in- 
stincts, shared by man with some k)wei’ social animals, 
so is it with this liigher and more peculiar instinct — 
the tendency to pursue new knowbidge. Whether 
reasonable or not, it has by thjp laws of heredity and 
selection become part of us and exists ; its operation is 
beneficial to the race ; its gratifi<‘atioii is a source of 
keen pleasure to the individual — an end in itself. 
We may safely count upon it as a factor in human 
nature ; it is in our power to cultivate and develop it, 
or, on the other hand, to starve and distort it for a 
while, though to do so is to waste time in opposing 
the irrcsistilde. 

As day I)y day the old-fasliioned stimulus to the 
higher life loses the dread control which it once exer- 
cised over th(* thoughts of men, the pursuit of wealth 
and the indulgence in fruitless gratifications of sense 
become to an increasing numhi'r the chief concerns of 
their mental life. Such occupations fail, to satisfy 
the deep desires of humanity ; tliey become wearisome 
and meaningless, so that w'e lieai- men ^([uestioning 
whether life be worth living. When the dreams and 
a.spirations of the youthful world have lost their old 
significance and their strong power to raise men’s 
lives, it will be well for tliat community which has 
organised in time a^ following of and a reverence for 
an ideal Good, which may serve to lift the national 
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mind above the level of sensuality, and to insure^b 
belief in the hopefulness and worth of life. The faith 
in Science can fill this place — the progress of Scieiw"* 
is an ideal Good, , sufficient to exert this great 
influence. • ‘^’1 

It is for this rtJason more than any other, as it 
seems to those who hold this faith, that the progress 
and diffusion of scientific research, its encouragement 
and reverential nurtu?;e, should be a chief business of 
the community, whether collectively or individually, 
at the present day. 
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APPENDIX 

(-V) 

w 

The six years which have passeil sint-o this address 
was delivered liave lieeii reiiiarkaide for the extra- 
ordmary advances iu our knowledge of the Bacteria 
and tlieir relation to disease. In another paper (No. 
III.) I have given some account of i\l. Pasteur’s dis- 
coveries in regard to rahies and hydi’ophobia. In the 
Pasteur Institute in [*aris Dr. liou.x and other in- 
vestigators hav(‘ greatly advanced our knowledge of 
the action of Bacteria in tuberculosis, in diphtheria, 
and other diseases. It now ajipcars that the most 
hopeful method of combating the attacks of disease- 
producing Bacteria is not to attempt to introduce 
drugs into the infected patient which shall directly 
poison the Bacteria, Init rather to endeavour to assist 
those natural processes in the body by which intrusive 
Bacteria arc normally destroyed. Elias IVIctschnikolf 
has shown that the anueboid corpuscles of the blood 
and other tissues are .special agents or scavengers for 
the destruction of such intrusive bodies as Bacteria. 
His theory is that by accustoming these corpuscles, 
which he calls “ plnigocykss,* to tolerate a weak form 
of the poison produced by pathogenic Bacteria, we 
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“educate” them, so that they are able subsequently 
to resist and eventually to attack and destroy the 
same pathogenic Bacterium when present in a stronger 
and deadly form. This process of education is sug- 
gested as, the rationale of preventive inoculation, the 
“ vaccination ” with a modified cultivated growth of 
poisonous Bacteria acting so as to educate the phago- 
cytes, and enabling them subsequently to swallow and 
digest the stronger infective growth. By the training 
afforded by inoculations with modified virus the phago- 
cytes are, there is reason to believe, brought into a 
condition of immunity similar to that which we know 
the human body can attain in regard to other poisons, 
such as laudanum, tobacco, and arsenic. It was thus, 
according to tradition, that IVIithridates, King of 
Pontus, failed at the end of his career to kill himself 


with poison, having previously in his researches on 
poisonous agents so saturated himself with them, and 
habituated himself to their action, that none were 


deadly for him any more. Wc may then speak of 
this training in tolerance of poison as “ mithridatism,” 
and refer to the trained phagocytes of an inoculated 
animal ag mithridatised. On the other hand, there 
are facts with regard to some kinds of infective virus 
and theii^ appropriate “ vaccins ” which lead to the 
supposition that immunity is conferred, not by the 
action t>f weak doses of the “ toxin ” or actual poison 
of the virus, but by the action of a distinct chemical 
substance which exists side by side with the “toxin.” 
The appendix to the p'aper bn ‘Pasteur and Hydro- 
phobia, p. 166, contains a brief account of this theory. 


I 



114 


BIOLOGY AND THE STATE 


II 


It is an interesting fact in this connection that 
poisonous snakes are, as shown by Sir Joseph Fayrer, 
“ mithridatised ” in regard to their own poison. The 
bite of a poisonous snake has no effect on another 
poisonous snake of the same group. A similar dis- 
covery has been made by Professor fBoui ne of Madras, 
who examined scorpions in regard to this matter at 
my request. A scorpion cannot sting itself to death, 
nor can it sting another scorpion. The scorpion is 
“immune” to scorpion poison. The explanation in 
the case of both snakes and scorpions is this — that 
small quantities of the poison elaborated by the poison- 
glands in these animals are continually absorbed by 
the blood, and thus the animal is mithridatised. It 
is known that the elaborated secretion of other glands 
passes continually in small quantities into the blood 
in other animals examined by physiologists ; thus 
traces of the secretion of the salivary gland and of 
the pancreas are detected in the blood of rabbits and 
dogs. 


(B) 

The statement made as to the preponderating 
activity of German scientific laboratories remains true, 
although France has largely increased her already 
extensive provision for scientific research by State aid. 
The Institut Pasteur in Paris is the most important 
scientific institution which has been founded of late 
years. It owes its e:^istence partly to public subscrip- 
tion and partly to Government support. Besides 
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providing salaries and laboratories for investigators 
who are carrying on the line of research in regard to 
Bac^ria commenced by Pasteur, the Institute pro- 
vides the preventivse inoculation against hydrophobia 
discovered by Pasteur to all comers free of charge. 
Two hundred •and *fifty persons have gone from Great 
Britain and Ireland to be treated for dog-bite by M, 
Pasteur in Paris. The British Government has not 
made the smallest attempt to safeguard the public 
health by providing for the maintenance of such a 
laboratory as the Tnstitut Pasteur in the United 
Kingdom. On the contrary, it has placed vexatious 
and ill-considered restrictions upon the conduct of 
experimental inquiries by competent physiologists in 
this country. These restrictions, without any doubt, 
prevent the discovery of new remedies for deadly 
disease and suffering. 


(C) 

The question of State aid to science discussed in the 
preceding address is one which, although of the very 
greatest importance, does not make much progress. 

There is at present a persistent confusion in 
the^ public mind, and even in the minds of statesmen 
and leading publicists, between the question of State 
aid to education and that of State aid to the produc- 
tion of new knowledge. It is no doubt true that if 
the professorships in provincyil jsolleges and in Uni- 
versity and King’s Colleges* are endowed by the State 
or other benefactor, the holders of those posts will 
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possibly be able to, and probably will, give a larger 
amount of time tban heretofore to the making of new 
knowledge instead of to the drudgery of journalism, 
popular lecturing, and cram-book writing. On the 
other hand, inadequate endowment of these colleges, 
or the granting to them of a smad armual, sum for 
general purposes not specified, will not necessarily 
have any result of the kind. The recent grant by 
the Government to university colleges of sums rang- 
ing from £500 to £2000 a year cannot be regarded 
as an endowment of research. In most cases the 
extremely meagre sum thus provided will be absorbed 
in general expenses of building and management con- 
nected with teaching. In other cases it will be 
wasted {i.e. returned to the giver — the tax-payer) by 
applying it to the reduction of pupil’s fees. It is 
doubtful whether any college will have the courage 
to apply it deliberately to the payment of a professor 
or his assistant, so as to procure the production of 
new knowledge, or what is sometimes called “ original 
research.” 

Since the date of my Southport address. University 
College has received a munificent bequest^ from one 
of its former professors, the late Mr. Eichard Quain. 
Endowments of £300 a year have been assigned from 
this fund to the professorships of Botany, Physics, 
and English. It is doubtful whether these stipends 
should be considered as designed to enable the pro- 
fessor to devote his time to original researches, or as 
part payment for his labours in teaching. It is un- 
fortunately not customary to distinguish the two 
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occupations of making and distributing knowledge. 
In any case it cannot be considered that the endow- 
ment assigned to professorships in London is excessive 
in amount, or such* as to secure the whole time of a 
professor, apart from his lectures, for original research. 

A cohsiderable expenditure made by the Govern- 
ment in direct aid of scientific research remains un- 
noticed in the 'text. I allude to the expenses of the 
Challenger Expeditiofi, and the publication of the 
results obtained from the study of the collections 
brought home. This sum may be variously estimated, 
according to the sale of the reports and the inclusion 
or exclusion of certain oflicial expenses, but in any 
case it amounts to several thousand pounds. 

A very gratifying indication of the recognition on 
the part of the Go'^ernment of the propriety of sub- 
sidising from the public funds scientic inquiries likely 
to be of general public utility was seen in the granting 
by Parliament in 1884-85, on the recommendation of 
the Treasury, of a sum of £5000 and an annual sum 
of £500 for five years towards the building and 
maintenance of the Plymouth Laboratory of the 
Marine Biological Association, of which some account 
will be found in the appendix to article No. V. 
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PASTEUR AND HYDROPHOBIA 

The public has very naturally and very rightly shown 
deep interest in the investigations into the nature and 
possible cure of hydrophobia now being conducted by 
the great French naturalist, Louis Pasteur. Those 
investigations not only have a special value on account 
of the terrible nature of the malady which there is 
good reason to believe will be brought within the 
range of curative treatment as a consequence of their 
prosecution, but also are of extreme interest to those 
engaged in the task of ascertaining the laws of natural 
phenomena, and to all who wish to understand the 
methods by which a great discoverer in science arrives 
at his results. 

M. Pasteur is no ordinary man ; he is one of the 
rare indmduals who must be described by the term 
“genius.” Having commenced his scientific career 
and attaijaed great distinction as a chemist, M. Pasteur 
was led by his study of the chemical process of fer- 
mentations to give his attention to the phenomena of 
disease in living bodies resembling fermentations. 
Owing to a singular and forju^ate mental character- 
istic he has been able, not simply to pursue a rigid 
path of investigation dictated by the logical or natural 
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connection of the phenomena investigated, but de- 
liberately to select for inquiry matters of the most 
profound importance to the community, and to bring 
his inquiries to a successful practical issue in a large 
number of instances. Thus he has saved the silk- 
worm industry of France and Ital^ from destruction, 
he has taught the French wine-makers to quickly 
mature their wine, he has eifected. an enormous 
improvement and economy in. the manufacture of 
beer, he has rescued the sheep and cattle of Europe 
from the fatal disease “ anthrax,” and it is probable — 
he would not himself assert that it is at present more 
than probable — that he has rendered hydrophobia a 
thing of the past. The discoveries made by this 
remarkable man would have rendered him, had he 
patented their application and disposed of them 
according to commercial principles, the richest Tnati 
in the world. They represent a gain of some millions 
sterling annually to the community. It is right for 
those who desire that increased support for scientific 
investigation should be afforded liy the Governments 
of civilised States to point with emphasis to the 
definite utility and pecuniary value of M. *Pasteur’s 
work, because it is only in rare instances that the 
discovery of new knowledge and the practicgl applica- 
tion of that knowledge go hand in hand. M. Pasteur 
has afforded several of these rare instances. ' They 
should enable the public and our statesmen to believe 
in the value of scientific investigation even when it is 
not immediately followed ' by practical commercial 
results. These discoveries should excite in the minds 
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of all those devoted to scientific research the pro- 
foundest gratitude towards M. Pasteur, since, by the 
direot practical application which his genius has 
enabled him to give* to the results of his inquiries, he 
has done *niore than any living man to enable the 
unlearned to ^rri’^e at a conception of the possible 
value of the vast mass of scientific results — items of 
new knowledge — which must be continually gathered 
by less gifted individuals and stored for the future 
use of inventors and of those doubly -gifted men 
who, like M. Pasteur, are at once discoverers and 
inventors — discoverers of a scientific principle and 
inventors of its application to human require- 
ments. 

M. Pasteur’s first experiment in relation to hydro- 
phobia was made in December 1880, when he inocu- 
lated two rabbits with the mucus from the mouth of 
a child which had died of that disease. As his in- 
quiries extended he found that it was necessary to 
establish by means of experiment even the most 
elementary facts with regard to the disease, for the 
existing knowledge on the subject was extremely 
small, and much of what passed for knowledge was 
only ill-founded tradition. 

So little was hydrophobia understood, and to so 
small an extent had it been studied, previously to 
M. Pasteur’s investigations, that it was regarded by a 
certain number of highly competent physicians and 
physiologists (although this was not the general view) 
as a condition of the nervdus system brought about by 
the infliction of a punctured inflammatory wound in 
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which the actioa of a specific virus or poison took 
no part ; it was, in fact, l>y some physicians regarded 
as a variety of lock-jaw or tetanus. • 

The numher of cases of hytinephobia reported in 
England, France, Germany, and Austria ha'fe varied a 
good deal each year since the time when statistics of 
disease were instituted by the Governments of these 
several countries ; but its occurrence- is sufiiciently 
frequent at certain periods tcs excite the greatest 
anxiety and alarm. In England as many as thirty- 
six persons died from the disease in 1866 ; in France 
288 persons were its victims in 1858, and in Prussia 
and Austria it has been more frequent than in 
England. 

The general belief, both among medical men and 
veterinary surgeons, as well as the public, has been 
that the condition known as hydrophobia in man does 
not follow from any ordinary bite or injury, but 
that in order to produce it the human subject must 
be bitten by a dog, wolf, pig, or other animal whieh 
is suffering from a well-marked disease known as 
“ rabies.” What it is which starts “ rabies ” amongst 
dogs is not known, and has not even been gitessed at, 
but the condition so named is communicated by 
“rabid” or “mad” dogs to other dogs, to pigs, to 
cattle, to deer, to horses, and indeed to all warm- 
blooded animals — even birds. Any animal so infected 
is capable by its bite of communicating the disease to 
other healthy animala^ Eabies in a dog is recognised 
without difficulty by the skilled veterinarian. The 
disease has two varieties, known as “ dumb madness ” 
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and “raving madness”; and it is held by veterinarians 
to have two modes of origin — viz. spontaneous, and as 
the result of infection from another rabid animal. It 
is quite permissible io doubt the spontaneous genera- 
tion of rabies in any given case, although it must be 
admitted, that*the tJisease liad a beginning, and that it 
is not improbable that whatever conditions favoured 
its first origin, are still in ojjeration, and likely to 
result in a renewed creation of the disease from time 
to time. The disease was well known in elassieal 
antiquity, and is of world- wide distribution, occurring 
both in the tropics and in the arctic regions, though 
much commoner in temperate regions than in either 
of the extremes of climate. There are some striking 
cases of certain well -peopled regions of the earth’s 
surface in which it is at present unknown ; no case 
appears to be on record of its occurrence in Australia, 
Tasmania, or New Zealand. It is a mistake to sup- 
pose that the disease is commoner in very hot weather 
than in cooler weather, or that great cold favours it. 
Climate, in fact, appears to have nothing to do with 
it, or rather, it should be said, is not shown to have 
anything*to do with it. 

Professor Fleming, in his admirable treatise on 
Rabies and Hydrophobia (Loudon, 1872), says : — 

It is^a groat and dangerous error to suppose that the disease 
(in the dog) commences with signs of raging madness, and that 
the earliest phase of the malady is ushered in with fury and 
destruction. The first perceptible or initial symptoms of rabies 
in the dog are related to ks l^abits. • A change is observed in 
the animal’s aspect, behaviour, and external characteristics. The 
habits of the creature are anomalous and strange. It becomes 
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dull, gloomy, and taciturn; seeks to isolate itself, and chooses 
solitude and obscurity — hiding in out-of-the-way places, or re- 
tiring below chairs and other pieces of furniture; whereas in 
health it may have been lively, good-natured, and sociable/ But 
in its retirement it cannot rest ; it is ^uneasy and fidgety, and 
betrays an unmistakable state of malaise ; no soonef has it lain 
down and gathered itself together in the 'usual f, fashion of a dog 
reposing than all at once it jumps up in an agitated manner, 
walks hither and thither several times, again lies down, and 
assumes a sleeping attitude, but has only maintained it for a few 
minutes when it is once more moving about, “ seeking rest but 
finding none.” Then it retires to its obscure corner — to the 
deepest recess it can find — and huddles itself up in a heap, with 
its head concealed beneath its chest and its forepaws. This 
state of continual agitation and inquietude is in striking contrast 
with its ordinary habits, and should, therefore, attract the atten- 
tion of mindful people. Not unfrequently there are a few 
moments when the creature appears more lively than usual, 
and displays an extraordinary amount of affection. Sometimes 
in pet dogs there is evinced a disposition to gather up small 
objects, such as straws, threads, bits oif wood, etc., which are 
industriously picked up and carried away. A tendency to lick 
anything cold, as iron, stones, etc., is also observed in many 
instances. At this period no propensity to bite is observed; 
the animal is docile with its master, and obeys his voice, though 
not so readily as before, nor with the same pleased countenance. 
If it shakes its tail the act is more slowly performed than usual, 
and there is something strange in the expression of the face ; 
the voice of its master can scarcely change it for a ^ew seconds 
from a sullen gloominess to its ordinary animated aspect ; and 
when no longer influenced by the familiar talk or presence it 
returns to its sad thoughts, for — as has been welf and truth- 
fully said by Bouley — “the dog thinks and has its own ideas, 
which for dogs’ ideas are, from its point of view, very good 
ideas when it is well.” 

The animaTs movements, attitudes, and gestures now seem 
to indicate that it is haunted •by^and sees phantoms ; it snaps at 
nothing and barks as if attacked by real enemies. Its aj^pear- 
ance is altered ; it has a gloomy and somewhat ferocious aspect. 
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In this condition, however, it is not aggressive so far as 
mankind is concerned, but is as docile and obedient to its master 
as before. It may even appear to be more affectionate towards 
those «it knows, and this it manifests by the greater desire to 
lick their hands and face#. 

This affection, which is always so marked and so enduring 
in the dog, dominates^ it so strongly in rabies that it will not 
injure thos5 it loves, not even in a paroxysm of madness ; and 
even when its ferocious instincts are beginning to be manifested, 
and to gain the supremacy over it, it will yet yield obedience to 
those to whom it has been accustomed. 

The mad dog has not a dread of water, but, on the contrary, 
will greedily swallow it. As long as it can drink it will satisfy 
its ever-ardent thirst ; even when the s})asms in its throat pre- 
vent it swallowing, it will nevertheless plunge its face deeply 
into the water and appear to gulp at it. The dog is, therefore, 
not hydrophobic, and hydrophobia is not a sign of madness in 
this animal. 

It does not generally refuse food in the early period of the 
disease, but sometimes eats with more voracity than usual. 

When the desire tojbite, which is one of the essential char- 
acters of rabies at a certain stage, begins to manifest itself, the 
animal at first attacks inert bodies — gnawing wood, leather, its 
chain, carpets, straw, hair, coals, earth, the excrement of other 
animals or even its own, and accumulates in the stomach the 
remains of all the substances it has been tearing with its teeth. 

An abundance of saliva is not a constant symptom in rabies 
in the dog. Sometimes its mouth is humid, and sometimes it 
is dry. Be^re a fit of madness the secretion of saliva is normal ; 
during this period it may be increased, but towards the end of 
the malady it is usually decreased. 

The animal often expresses a sensation of inconvenience or 
pain during the spasm in its throat by using its paws on the 
side of its mouth, like a dog which has a bone lodged there. 

In “ dumb madness ’’ the lower jaw is paralysed and drops, 
leaving the mouth open and dry, and its lining membrane 
exhibiting a reddish-brown hue ; the tqjigue is frequently brown 
or blue coloured, one or both eyes squint, and the creature is 
ordinarily helpless and not aggressive. 
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In some instances the rabid dog vomits a chocolate or blood- 
coloured fluid. 

The voice is always changed in tone, and the animal howls or 
barks in quite a different fashion to what it did in health.# The 
sound is husky and jerking. In “d^ib madness” this very 
important symptom is absent. • 

The sensibility of the rabid dog is grqjitly blunted when it is 
struck, burned, or wounded ; it emits no cry of jiJiin or sign 
as when it suffers or is afraid in health. It will even sometimes 
wound itself severely with its teeth, and without attempting to 
hurt any person it knows. 

The mad dog is always very muclT enraged at the sight of an 
animal of its own species. Even when the malady might be 
considered as yet in a latent condition, as soon as it sees another 
dog it shows this strange antipathy and appears desirous of 
attacking it. This is a most important indication. 

It often flees from home when the ferocious instincts 
commence to gain an ascendency, and after one, or two, or three 
days’ wanderings, during which it has tried to gratify its mad 
fancies on all the living creatures it has encountered, it often 
returns to its master to die. At other times it escapes in the 
night, and after doing as much damage as its violence prompts it 
to, it will return again towards morning. The distances a mad 
dog will travel, even in a short period, are sometimes very 
great. 

The furious period of rabies is characterised by an expression 
of; ferocity in the animal’s physiognomy, and by the desire to 
bite whenever an opportunity offers. It always prefers to attack 
another dog, though other animals are also victims. ^ 

The paroxysms of fury are succeeded by periods of com- 
parative calm, during which the appearance of the creature is 
liable to mislead the uninitiated as to the nature of vhe malady. 

The mad dog usually attacks other creatures rather than 
man when at liberty. When exhausted by the paroxysms and 
contentions it has experienced, it runs in an unsteady manner, 
its tail pendent and head inclined towards the ground, its eyes 
wandering and frequently squinting, and its mouth open, with 
the bluish-coloured tongue, soiled with dust, protruding. 

In this condition it has no longer the violent aggressive 



Ill 


PASTEUR AND HYDROPHOBIA 


129 


tendencies of the previous stage, though it will yet bite every one 
— man or beast — that it can reach with its teeth, especially if 
irritated. 

The mad dog that is not killed perishes from paralysis and 
asphyxia. To the las# moment the terrible desire to bite is 
predominant; even when the poor creature is so prostrated as to 
appear to be trarj^fornied into an inert mass. 


Such is the pathetic account of the features of this 
terrible malady as seen in man’s faithful companion. 
Let us now for a mon^ent look at tlie symptoms and 
course of the disease as exhi1)ited in man — where it 
produces a condition so terrible and heart-rending to 
the onlooker that it becomes a matter of astonishment 
that mankind lias ever ventured to incur the risk 
of acquiring tliis disease by voluntarily associating 
with the dog, and a matter of the most urgent desire 
that some great deliverer should arise and show us how 
to remove this awful thing from our midst. ^ 

In botli the dog* and man the disease is trac(M 
to the infliction of a bite or scratcli at a more or 
distant period by an animal already suftering fr(!| 
rabies. The length of time whicli may elapse betwd 
the bite and the first symptoms of ‘‘ rabies ” in the 
or of hydrophobia,” as it is termed, when developed 
in man, varies. Bri(*fly, it may be stated that the 
interval iia the dog varies from seven to one hundred 
and fifty days, and is as often a longer as a shorter 
period. * In man, on the other hand, two-thirds of the 
cases observed develop Avithin five weeks of the 
infliction of the infecting bite;* hydrophobia may 
show itself as early as the eighth day after the 
infection ; it is very rare indeed, though not unknown, 
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that this period of incubation is extended to a whole 

year. Tlie reputed cases of an incubation period ” of 
two, five, or even ten years may be dismissed as 
altogether improbable and unsupported by evidence. 
The uncertainty which this well -known' variation 
in the incubation period produces ft one of the many 
distressing features of the disease in relation to man, 
for often the greatest mental torture- is experienced 
during this delay by persons vdio after all have not 
been actually infected. 

In many respects (says Professor Fleming) there is a striking 
similarity in the symptoms manifested in the hydrophobic patient 
and the rabid dog, while in others there is a wide dissimilarity. 
These resemblances and differences we will note as we proceed 
to briefly sketch the phenomena of the disease in our own 
species. 

The period of incubation or latency has been already alluded 
to, and it has also been mentioned that not unfrequently in man 
and the dog the earliest indication of approaching indisposition 
is a sense of pain in or near the scat of the wound, extending 
towards the body, should the injury have been inflicted on the 
limbs. If not acute pain there is some unusual sensation, such 
as aching, tingling, burning, coldness, numbness, or stiffness in the 
cicatrix ; which usually, in these circumstances, becomes of a red 
or lurid colour, sometimes opens up, and if yet unhealed assumes 
an unhealthy appearance, discharging a thin ichorous^uid instead 
of pus. In the dog, as we have observed, the peculiar sensation 
in the seat of the inoculation has at times caused the animal 
to gnaw the part most severely. 

"With these local symptoms some general nervous disturbance 
is generally experienced. The patient becomes dejected, morose, 
irritable, and restless ; he either does not suspect his complaint, 
or, if he remembers having been bitten, carefully avoids mention- 
ing the circumstance, arfd Scaijche* for amusement away from 
home, or prefers solitude ; bright and sudden light is disagreeable 
to him ; his sleep is troubled, and he often starts up ; pains are 
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experienced in various parts of the body ; and signs of digestive 
disorder are not unfrequent. After the continuance of one 
or more of these preliminary, or rather premonitory, symptoms 
for a period varying from a few hours to five or six days, and, 
though very rarely, wi^iout all or even many of them being 
observed, thq patient becomes sensible of a stiffness or tightness 
about the throat, rigours supervene, and in attempting to swallow 
he experiemies soJae difiiculty, especially with liquids. This may 
be considered as really the commencement of the attack in man. 

The difficulty^ in swallowing rapidly increases, and it is 
not long before the act becomes impossible, unless it is attempted 
with determination ; thou^i even then it excites the most painful 
spasms in the back of the throat, with other indescribable 
sensations, all of which appeal to the patient, and cause him 
to dread the very thought of liquids. Singular nervous par- 
oxysms or tremblings become manifest, and sensations of stricture 
or oppression are felt about the throat and chest. The breathing 
is painful and embarrassed, and interrupted with frequent sighs 
or a peculiar kind of sobbing movement ; and there is a sense of 
impending suffocation and of necessity for fresh air. Indeed, the 
most marked symptoms ^consist in a liorribly violent convulsion 
or spasm of the muscles of the larynx and gullet, by which 
swallowing is prevented, and at the same time the entrance 
of air to the windpipe is greatly retarded. Shuddering tremors, 
sometimes almost amounting to general convulsions, run through 
the whole frame; and a fearful expression of anxiety, terror, 
or despair is depicted on the countenance. 

The paroxysms are brought on by the slightest causes, and 
are frequently associated with an attempt to swallow liquids, 
or with the recollection of the sufferings experienced in former 
attempts. Hence anything which suggests the idea of drinking 
to the patient will throw him into the most painful agitation and 
convulsive spasms. . . . This is particularly observed when the 
patient dhrries water to his lips ; then he is seized with the 
terrors characteristic of the disease, and with those convulsions 
of the face and the whole of the body which make so deep 
an impression on the bystanders. Ile^is perfectly rational, feels 
thirsty, tries to drink, but *the* liquid has no sooner touched 
his lips than he draws back in terror, and sometimes exclaims 
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that he cannot drink ; his face expresses pain, his eyes are fixed, 
and his features contracted ; his limbs shake and body trembles. 
The paroxysm lasts a few seconds, and then he gradually becomes 
tranquil ; but the least touch, nay, mere vibration of thej'-air, is 
enough to bring on a fresh attack — so Q^cute is the sensibility of 
the skin in some instances. ... A S2)ecial difference between 
rabies and hydrojdiobia is the frequent ^ dread of water in the 
latter, as well as the hyi)erajsthesia of the skin and Saltation of 
the other senses. . . . Another characteristic feature of the 
disease in man is a copious secretion of viscid, tenacious mucus 
in the fauces, the hydro2)hobic slaver ” ; this the 2)atient sjhts out 
with a sort of vehemence and rajudity upon everything around 
him, as if the idea of swallowing occasioned by the liquid induced 
this eager expulsion of it, lest a dro}) might i)ass down the throat. 
This to a bystander is sometimes one of the most striking 
j)henomena of the case. . . . The mind is sometimes calm and 
collected in the intervals between the paroxysms, and conscious- 
ness is generally retained ; but in most cases there is more or less 
irregularity, incessant talking, excitement, and occasionally fits 
a2)proachiiig to insanity come on. The mental aberration is 
often exhibited in groundless sus2)icion (^r apprehension of some- 
thing extraneous, which is expressed on the face and in the 
manner of the jjatient. In comparatively rare instances he gives 
way to a wild fury, like that of a dog in one of its fits of rabies ; 
he roars, howls, curses, strikes at persons near him, rends or 
breaks everything within his reach, bites others or himself, till, 
at length exhausted, he sinks into a gloomy, listless dejection, 
from which another jiaroxysm rouses him. . . . Paralytic symp- 
toms manifest themselves ]>efore death in a few in^-ances, as in 
the dog. . . . Remissions of the symptoms sometimes occur 
in the course of the complaint, during which the jiatient can 
drink, though with some difficulty, and take food. <^Towards the 
close such a remission is not uncommon, with an almost complete 
absence of the jiainful symj^toms ; so that the patient and the 
jdiysician begin to entertain some hope. But if the pulse is now 
felt it is found to be extremely feeble, and sometimes almost, if 
not quite, imperceptible. * Eluring tliis apparent relaxation of the 
disease the patient occasionally tails into a sleep, from which he 
only awakes to die. 
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Death results from spasm of the respiratory muscles, 
the patient dying asphyxiated. The desire to bite is 
rare. • The disease invariably, as in the dog and other 
animals, terminates Yatally, and usually between the 
second and fifth d^y after the symptoms have been 
first observed, though it sometimes runs on to the 
ninth day. 

It is held by veterinaries that “ rabies ” in a dog is 
invariably fatal, and due test of the presence of the 
disease is a fatal termination to the symptoms. Inas- 
much as it is very usual to kill dogs suspected of rabies 
without waiting to actually prove that they suft’er from 
this disease, and further, inasmuch as dogs not suffer- 
ing from rabies are nevertheless frequently savage 
or snappish and bite human beings, thus leading 
to the assumption that the person bitten has incurred 
the risk of developing hydrophobia, there is necessarily 
a complete absence of trustworthy statistical informa- 
tion as to (l) the actual number of dogs annually 
affected with rabies in any given country, and (2) as 
to the number of persons effectively bitten by really 
rabid dogs, who acquire hydrophobia as a consequence. 
The dogs ifre killed before it is proved that they suffer 
from rabies, and the human beings bitten are treated 
by caustic^ and excision of injured surfaces before it is 
proved that they really are in danger of developing 
hydrophobia, and it is not known in case of escape 
whether the danger was ever really incurred. The 
extreme anxiety to avpM tlie«awful consequences 
not unfrequently following the bite of a rabid dog 
has produced a course of action which, whilst it is 
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in imjHU'taut respects, especially a to the conditions 
of its communication from do" to man*. Accordingly, 
we find great uncertainty as to*tlie conclusions which 
are to be drawn from statistics in regard to the efi'ect 
on human beings of the bites of dogs sutfering from 
rabies. According to the lowest estimate where care 
has been taken to exclude cases in which there is 
insufficient reason for supposing the offending dog 
to have suffered from rabies, of every six persons 
bitten, one dies — that is to ssxy,fne devcloi)s hydro- 
phobia ; for recovery after the development of the 
hitherto recognised symptoms of hydi-ophobia is un- 
known. This is a mortality of 16 ’06 per cent ; othei’ 
estimates range from 15 to 25 per cent. The large 
proportion of escap('s as com])arcd with deaths is 
attributeil to the wounds inflicted not having been 
sufficiently deep to introduce the poison into the 
system, also to timely surgical treatment having 
the same effect, and to the fact that the dog, in 
spite of probabilities to the contrary, may in a certain 
proportion of cases have been wrongly suspected 
of suffering from ‘^rabies.” 

At the same time thcije is no doubt that aniTnals 
(and hence presumably man) are sometimes endowed 
with an immunity from rabies. This has been proved 
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’ •'<»Tf,hv men that they have started on the path 

V ' ’ j- — 4- a 

same time, whilst .the '''' 

always proved refractory or noii-Vml)\e lo \\v' 

No estimate has Iteen at present formed of the pTO 
portion of dogs whicli are thus free from liability 
to the disease, .but it must be very small, perhaps not 
1 per cent. On the Qtlier hand, it is undeniable that 
there is a high probal)ility that such immunity exists 
among human beings, and it Ls possible that the 
proportion of individuals liable to the infection as 
compared with those “immune,” “refractory,” or “non- 
liable” is less amongst human beings than among 
dogs. Such a constitutional immunity may, therefore, 
possibly explain to a certain extent the fact that out 
of 100 cases of dbg -bite, the dog being supposed, 
but not demonstrated, to be rabid, only 16 acquire 
hydrophobia. 

The result of M. Pasteur’s experimental study of 
rabies and hydrophobia has been so far to place several 
matter's of practical importance, which were previously 
liable to be dealt with by vague guesses and general 
impression, in the position of facts cajrable of accurate 
experimental determination; and secondly, to intro- 
duce a method of treating animals and men infected 
with the poison of rabies in a way which, there is 
strong evidence to show, wdl arrest or altogether pre- 
vent the development of the dise&se. 

Owing to the eagerness of newspaper correspond- 
ents, and the peculiar circumstances of the investiga- 
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tion whicli is still actually in progress, M. Pasteur’s 
work has been not quite fairly represented to the 
public, and various astonisliing criticisms and expres- 
sions of individual opinion hav? been indulged in, 
with regard to what M. Pasteur is doing, by persons 
who, however gifted, have no adcqifate comprehension 
of the task which the great experimenter has set before 
himself. 

It must be distinctly remembered, on the one hand, 
that the results which IM. Pasteur has himself published, 
and for which he has made himself responsible, have 
been obtained by accurate and demonstrative experi- 
ments upon animals ; they are results whic'h can be 
repeated and verified. On the other hand, M. Pasteur 
has now advanced into a much more difficult field — 
namely, the application of his exj)erimentally ascer- 
tained results to the treatment of human beings. He 
is actually in course of carrying out his inquiries in 
regard to the efficacy of his treatment, and it is prob- 
able that at no distant date he will himself give us a 
detailed account of the conclusions to which these 
inquiries lead. But he has not yet formulated any 
such conclusion. , 

We cannot and have not the remotest desire to 
experiment upon human beings, as in the more eidight- 
ened parts of Europe we are permitted, for good 
purposes, to experiment upon dogs. It is not possible 
to exactly arrange experimentally the conditions of a 
human being who is to bo the subject of inquiry in 
regard to hydrophobia. ’ You' cannot make sure by 
the inoculation in the most effective way of a dozen 
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healthy men that they have started on the path 
leading to hydrophobia, and then treat six by a 
remqdial process, and leave six without such treat- 
ment, in order to see whether the remedial process 
has an effect or not. This is the kind of diffi- 
culty wluch is m5t witli in all attcmjits to take a 
step forward in medical treatment. Nevertheless, 
although such .definite experimental arrangement of 
the subject of iu(j[uiry is not possible where human 
beings are concerned, there is another method — 
extremely laborious, and less decisive in the results 
which it afibrds — by which a more or less probable 
conclusion may be arrived at in regard to the effect 
of treatment of diseased human beings. This method 
consists in bringing together for experimental treat- 
ment a very large number — some thousands — of cases 
in which the diseas(‘*under investigation has, independ- 
ently of the experimenter, been ac«j[uired, or is supposed 
to have been acquired, and then to compare the pro- 
portion of cases of recovery obtained under the new 
treatment with the proportion of recoveries in cases 
not subjected to this treatment. 

Hydr®phobia presents peculiar difficulties in the 
application of this method, and the ti'eatment which 
M. Pastejir is now testing is also one which in its 
essence renders the statistical method difficult of 
application. M. Pasteur’s treatment has to be applied 
before the definite symptoms of hydrophobia have 
developed in the patient. Accol’dingly, there is no 
certain indication in tile J»atient himself that he has 
really been infected by the virus of rabies ; the infer- 
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ence that he has been so infected is based on the 
knowledge of the condition of the dog that bit the 
patient, and on the extent of the injury inflicted ; but 
the knowledge of the actual state of the dog which 
inflicted the bite upon a person who, therefore, has 
reason to fear an attack of hydropliobia'is often want- 
ing. It is often merely “ feared” or “supposed” that 
the dog was rabid, and has not been actually proved 
that such was the case. In mai'y cases the only proof 
that the dog really was rabid would be found in the 
development of hydrophobia in the man bitten by the 
dog, the dog itself having been destroyed. This, too, 
would be the only definite proof possible that the 
patient had received a sufficiently jirofound wound to 
carry the poison into the system, or, again, that the 
patient is not naturally “ immune ” or “ refractory ” to 
the poison. Accordingly, it has' been necessary for 
j\I. Pasteur to test his treatment upon a very large 
number of cases, so as to obtain a statistical result 
Avhich may be compared with the general statistics of 
the effects following the bite of reputed rabid dogs. 
Also, it is possible out of a large number of cases for 
M. Pasteur to select, without any other determining 
motive, those cases in which the dog which inflicted 
the bite was actually proved to be suffering from 
rabies, either by the result of its bite on other indi- 
viduals, or by experiments made by inoculating other 
animals from it after its death. Such a selection of 
his cases has, it is stated, already been made by M. 
Pasteur. We have yet to await from M. Pasteur’s 
own hand a critical account of the results obtained in 
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the wholesale treatment of patients by him in Paris. 
Until he has himself published that account, we ought 
to bb very careful about coming to an absolute con- 
clusion either for of against the efficacy of his treat- 
ment in regard to men. 

On the o^er liand, the fundamental results of his 
study of rabies and hydrophobia stand in no such 
position, but Are sharp, experimental demonstrations, 
which he has publicly announced before the scientific 
world, and has verified in the most important instance 
before a commission appointed by the Government. 

Let us note some of these results.^ They have 
been obtained by ex2)erimentally inoculating dogs, 
rabbits, guinea-pigs, and monkeys. The experiments 
have been performed by M. Pasteur himself and his 
experienced and highly - skilled assistants, MM. 
Chamberland and ^oux. Precautions which a thorough 
knowledge of the subject suggested have been taken. 
Thus, for instance, in his very first experiments, M. 
Pasteur cleared the ground considerably by distinguish- 
ing a kind of blood-poisoning, due to the presence of 
a certain bacterium in human saliva, which is liable 
to be introduced with the saliva of a hydrophobic 
patient when this is made use of for the purpose of 
setting lip rabies experimentally in a rabbit, and is 
also present in normal saliva. Not feeling sure that 
some rabbits thus treated had really died from rabies, 

and suspecting that they might have died from a 

# 

^ I am indebted to an excellent report by my friend Dr. Vignal, of 
the College de France, published in tlie British Medical Journal^ for 
the chief facts relative to M. Pasteur’s published results. 
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blood-poisoning due to another virus present in the 
hydrophobic saliva, M. Pasteur tested his rabbits by 
inoculating dogs with the saliva and blood oP the 
rabbits. The dogs did not develop rabies, and thus 
M. Pasteur Avas able to cstablisli the conclusion con- 
firmed by other observations — that the* disease pro- 
dueed in this instance by the inoculation of the rabbits 
with saliva was not rabies. This is merely an 
example of the careful method by which it is M. 
Pasteur’s habit to correct and solidly build up his con- 
clusions. 

The first result of great practical moment estab- 
lished by M. Pasteur is that not only, as shown by 
previous experimenters, can rabies be communicated 
from animal to animal by the introduction of the 
saliva of a rabid animal into tlu' loose tissue beneath 
the skin of a healthy animal, or b’y injection of the 
same into the veins of a healthy animal, Imt that the 
“ virus,” or poison, which carries the disease resides 
in its most active form in the nervous tissue of a rabid 
animal, and that the most ecitain method of communi- 
cating rabies from one animal to another is to intro- 
duce a piece of the spinal cord or of a large nlirve of a 
rabid animal on to tlie surface of the brain of a healthy 
animal, the operation of exposing the braki being 
performed with the most careful antiseptic methods, 
so as to prevent blood-poisoning. 

In this way Pasteur found that he could avoid the 
complications which sometimes result from the pres- 
ence of undesired poisonous matters — not related to 
rabies — in the saliva of rabid animals. 
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This discovery is the starting-point of all Pasteur’s 
further work. It enabled him to experiment with 
sufficient certainty as to results. It has rendered it 
possible for him to determine whether a dog is really 
affected with rabies or not, by killing it and inoculat- 
ing the brain «of a Second dog with the spinal cord of 
the dead dog, and similarly to determine whether a 
human being Jias really died of hydrophobia {rabies 
homifiis) or not. It ,lias also enabled him to propa- 
gate with certainty the disi'ase from rabbit to rabbit 
through ninety successive individuals — extending over 
a period of three years— and to experiment on the 
result of varying tlie (Quantity of virus inti’oduced as 
well as on the result of passing the virus from one 
species of animal to another, and back again to the 
first species {e.g. rabbit as the first and monkey as the 
second species). Before Pasteur’s time Eossi, con- 
firmed by Hertwig, ha<l used nerve-tissue for inocula- 
tion with less definite results. Pasteur has the merit 
of establishing this method as the really efficient one 
in experimenting on the transmission of rabies. 

Using the nerve-tissue, Pasteur has determined by 
several experiments that when a large (j[uantity of 
virus (that is to say, of the medulla oblongata of a 
rabid rabbit pounded up in a perfectly neutral or 
sterilised broth) is injected into the veins of a dog, 
the inchbation period is seven or eight days ; by using 
a smaller quantity he obtained an incubation period 
of twenty days, and by using a yet smaller quantity 
one of thirty-eight days*. It is very important to note 
that by using a stUl smaller dose Pasteur found that 
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the dog so treated escaped the effccl of the poison 
altogether. 

A very interesting and important result IS that m 
the oases in which the largest an^ount of poison was 
used, and the quickest (levelo23mcnt of the disease 
followed, the form which the disease totk was that of 
paralytic or “dumb rabies,” in which the animal 
neither barks nor bites : whilst with the smaller dose 
of poison and longer incubation period “ furious rabies ” 
was developed. Moreover, by directly inoculating on 
the surhice of the brain and spinal cord, Pasteur has 
been led to the conclusion that the nature of the attack 
can be varied by the j)art of the central nervous 
system which is selected as tlic scat of inocula- 
tion. 

Certain theories which have been held as to the 
mode in which inoculation with the attenuated virus 
of such diseases as small-pox and anthrax acts, so as 
to ijrotect an animal from the effect of subsequent 
exposure to the full strength of the poison, might lead 
us to expect that the dogs which were inoculated by 
M. Pasteur with a quantity of rabid virus just small 
enough to fail in producing the symptoms of rabies 
would be “ 2>rotected ” by that treatment from the 
injurious effects of subse(|uent inoculation with a full 
dose. This, however, Pasteur found was not the case. 
Such dogs, when subsequently inoculated with a full 
dose, developed rabies in the usual way. 

When the virus -af rabies is introduced from a doe 
into a rabbit, and is cultivatbd through a series of 
rabbits by inoculating the brain with a piece of the 
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spinal cord of a rabid animal, Pasteur has found that 
the virulence of the poison is increased. The incuba- 
tion period becomes shorter, being at first about fifteen 
days. After being transmitted from rabbit to rabbit 
through aperies of twenty-five individuals, the period 
of incubation becoilles reduced to eight days, and the 
virulence of the poison is proportionately increased. 
After a further transmission through twenty-five 
individuals, the incubjtion period is reduced to seven 
days, and after forty more transmissions Pasteur finds 
an indication of a further shortening of the incubation 
period, and a proj^ortionate increase of virulence in the 
spinal cord of the rabbit extracted after death and 
used for inoculating other animals. Thus Pasteur 
found it possible to have at his disjwsal simultaneously 
rabid virus of different degrees of activity. 

It is curious thali Pasteur found, on the other hand, 
that the virus from a rabid dog, when transmitted 
from individual to individual through a series of 
monkeys, gradually lost its activity, so that after pass- 
ing through twenty (?) monkeys it became incapable 
of producing rabies in dogs. Thus a portion of the 
spinal coijl of such a monkey, itself dead of rabies, 
when pounded in broth and injected beneath the skin 
of a dog, failed to produce rabies, and even when ap- 
plied to the dog’s brain after trephining failed to pro- 
duce rabies. 

Pasteur makes the very important statement that 
the dogs thus treated with the vhus which had been 
weakened by cultivatioh in monkeys, although they 
did not develop any symptoms of rabies, ivere ren- 
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devcd refractory to subsequent inoculations with 
strong virus — that is, were “ jirotected.” 

Thus we note a contrast between the effect obiiained 
by inoculating an animal with a virus weakened by 
cultivation, and those resulting from using a minute 
quantity of tlie virus. The latter ^rocAediug does not 
result in protection, but the former docs. 

d’he fresh spinal cord of an anima] that has died 
of rabies is apparently full of fhe rabid virus, and it 
will, if kept so as to prohibit putrefaction, retain for 
some days its rabies-producing property. Neverthe- 
less it gradually, without any putrehictive change, 
loses, according to Pasteur’s observations, its virulence, 
which finally disappears altogether. So that it is 
possible to o])tain cord of a very low degree of viru- 
lence, and all intermediate stages leading up to the 
most active, by the simple proc\>;ss of suspending a 
series of cords at definite intervals of time in glass 
jars containing dry air. 

There are thus two ways of bringing the virus of 
rabies taken from a dog into a condition of diminished 
activity — the one by cultivation in monkeys or some 
other animal, the other by exposing the spipal cord to 
dry air whilst preventing it from putrefying. 

It was found by Pasteur that dogs inocqlated with 
the virus weakened by cultivation in monkeys were 
protected from the effects of subsequent inoculation 
with strong virus. Hence he proceeded to experiment 
in the direction seV indicated. He inoculated dogs 

• It ® 

with a very weak virus taken from a rabbit — that is, 
a virus having a long incubation period — and at the 
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same time he inoculated also a rabbit. When the 
second rabbit went mad and died, the dogs were again 
inoculated from it, and a third rabbit was also inocu- 
lated from it. Whoa this rabbit died the process was 
repeated \^^ith the dogs and with a fourth rabbit, and 
so on unt’l thci virus had become (as above stated to 
be the case) greatly increased in activity, its incuba- 
tion period being reduced to eight days. The dogs 
were not rendered rabid by the first inoculations ; they 
certainly would have been by the last, had they not 
undergone the earlier. The harmless virus rendered 
the dogs insusceptible to the rabies-producing quality 
of the second dose introduced, the second did the same 
for the third, the third for the fourth, and so on until 
the dogs were able to withstand the strongest virus. 

It would seem that this method of using a gradu- 
ated series of poisonb was not intentional on Pasteur’s 
part at first, but merely arose from the convenience of 
the arrangement, since the effect of the previous in- 
oculation could be tested and a new inoculation to act 
as a preventive could be made at one and the same 
time. Nevertheless, Pasteur has I'ctained for reasons^ 
which it is»possil>le to imagine but have not been given 
as yet by him, this method of repeated doses of gradu- 
ally increasing strength in his subsequent treatment. 

In 1884 a Commission was ajipointed at M. 
Pasteur’s request by the ]\Iiuistcr of Public Instruction 
to examine the results so far obtained by him in regard 
to a treatment by which dogs cpuld be rendered re- 
fractory to rabies. The Commission comprised some 
of the ablest physiologists in France ; it consisted of 

L 
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MM. Bedard, Paul Bert, Bouley (tlie celebrated 
veterinarian), Tisscrand, Villemin, and Vulpian. Their 
report contained the following statement : — ^ 

The results observed by the Commission may bo thus sum- 
marised. Nineteen control dogs (i.e. ordinary dogs not treated 
by Pasteur) were exjjerimented on. Among slk of these bitten 
by mad dogs, three were seized with rabies. There were six 
cases of rabies among eight of them subjected to venous inocula- 
tions, and five cases of rabies among five which were inoculated 
by trephining on the brain. The t^v'onty-three dogs treated (by 
Pasteur) and then tested all escaped rabies.^ 

Subsequently to the experiments witnessed by the 
Commission M. Pasteur carried out experiments in 
which, instead of using virus of increasing strength 
taken from living rabbits, he made use of the fact 
discovered by him that the spinal cord of a rabid 
animal when preserved in dry air retains its virulent 
property for several days, whilst the intensity of the 
virulence gradually diminishes, Pasteur used for this 
purpose cords of rabbits affected with rabies of great 
virulence, determined by a long series of transmissions, 
and having only an eight days’ incubation period. 
He injected a dog on the first day with a cord which, 
when fresh, was highly virulent, but had 'been kept 
for ten days, and hence was incapable of starting rabies 
in the dog ; on the second day he used a cord kept 
for nine days, on the third day a cord kept for eight 

1 I have ascertained that of these twenty-three dogs some had been 
already treated by Pasteur before tlie appointment of the Commission, 
and a minority were treated by him for the first time in the presence 
of the Commission. Ten of these tdog6 are still in M. Pasteur’s hands, 
and have been inoculated three times on the surface of the brain with 
rabid virus ; not one has developed rabies . — July 1887. 
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days, and so on until on the tenth day a cord kept 
for only one day was used. This was found to cause 
rabioe in a dog not previously treated, and yet had 
no such effect on the dog subjected to the previous 
series of inoculations. The dog had been rendered 
refractory to rabies. In this way M. Pasteur states 
that he rendered fifty dogs of all ages and races re- 
fractory to (or protected against ”) rabies without one 
failure. Virus was inoculated under the skin and 
even on the surface of the brain after trephining, and 
rabies was not contracted in a single case. 

Why M. Pasteur makes use of a gradually increas- 
ing strength of virus, or how lie supposes this treat- 
ment to act so as to give the remarkable result of 
protection, lie has not explained. The experimenter 
very probably has his own theory on the subject, 
which guides him iif his work ; l)ut whilst he is still 
experimenting and observing he does not commit him- 
self to an explanation of the results obtained. We 
may look in the future for a full consideration of the 
subject and a definite statement of the evidence at his 
hands. Meanwhile, it must be remembered that the 
notes pubiished liy M. Pasteur are, as it were, bulle- 
tins from the field of battle, briefly announcing failures 
and successes, and are not to be regarded as a history 
of the campaign or a statement of its scheme and final 
result. 

Having arrived at this point in his experimental 
results, M. Pasteur was |)rcpared,tb venture on to the 
far more delicate ground of treatment of human beings 
who had incurred the risk of hydrophobia. 
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The period of incubation of hydrophobia being 
usually four or five weeks, it seemed to M. Pasteur 
not impossible that he might succeed by the method 
which he had carried out in dogsdn rapidly producing 
in human subjects a state of refractoriness to the 
poison of rabies by using a virus” of rapid,, activity, 
and so, as it were, overtake the more slowly acting 
Aurus injected into the system by the bite of a mad 
dog. 

Whatever may have been his theoretical concep- 
tions, INI. Pasteur determined to have recourse to the 
one great and fertile source of new knowledge — ex- 
periment. 

It is known that inoculation with vaccine virus 
during the latent period of small-pox hits an effect in 
modifying the diseas(' in a favourable direction, and 
so in any case it was to be expected that the inocula- 
tion of individuals during the latent period of hydro- 
phobia might produce favourable results. M. Pasteur 
had cvc'iy reason to bi'lieve that, at any rate, the 
inoculation which he proposed would not have injuri- 
ous results. He could proceed to the trial with a 
clear conscience, feeling sure tliat he was in any case 
giving the bitten person a betten chance of recovery 
than he would have if left untreated. 

The first human being treated by Pasteur was the 
child Joseph Meister, who was sent from Alsace by 
Dr. Weber and aixived in J\l. Pasteur’s laboratory on 
the 6th of July 18^5^. This child had been bitten a 
few days previously, in fourteen different places, by a 
mad dog, on the hands, legs, and thighs. MM. Vul- 
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pian and Granclier, two eminent physicians, considered 
Meister to be almost certain to die of hydrophobia. 
M. Pasteur determined to treat the child by the method 
of daily injection of the virus of a series of rabbits’ 
spinal cords, beginning with one kept so long as to be 
inelFcctiV’e in the production of rabies even in rabbits^ 
and ending with one so virulent as to produce rabies 
in a largo dog in eight days. 

On the Gth of -Tifly 1885, M. Pasteur inoculated 
Jose])h Meister, under the skin, with a Pravaz’s syringe 
half full of sterilised broth (this is used merely as a 
diluent), mixed with a fragment of rabid spinal cord 
taken from a rabliit which had died on the 21st of 
June. The cord had since that date been kept in a 
jar containing dry air — that is, fifteen days. On the 
following days, Aleister was inoculated with spinal 
cor<l from rabid rabbits kc'pt for a li'ss period. On 
the 7th of July, in tlio morning with cord of fourteen 
days ; in tin* evening with cord of twelve days ; on 
the 8th of July, in the morning with cord of eleven 
days, in the evening with cord of nine days ; on the 
Pth of July, with cord of eight days ; on the 10th of 
July, witlt cord of seven days; on the 11th of July, 
with cord of six days ; on the 12 th of July, with cord 
of five days ; on the 1 3 th of July, witli cord of four 
days ; (jn the 1 4th of J uly, with cord of three days ; 
on the 15th of July, with cord of two days; on the 
16th of July, with coixl of one day. The fluid used 
for the last inoculation was t)f •a very virulent char- 
acter. It was tested and found to produce rabies in 
rabbits with an incubation period of seven days ; and 



150 


PASTEUR AND HYDROPHOBIA 


III 


in a normal healthy dog it produced rabies with an 
incubation period of ten days. 

It is now twelve months since Joseph Meistet was 
liitten by the mad dog, and he Is in perfect health. 
Even if avc set aside the original mfection from the 
mad dog, we have the immensely important ' fact that 
he has lieen subjected to the inoculation of strong 
rabid virus by ]\[. Pasteur and has proved entirely 
insusceptible to any injurious cifeets, such as it could 
and did produce in a powerful dog. 

]M. Pasteur now proceeded, immediately after 
Meister’s case, to apply liis method to as many persons 
as possible who had reason to lielieve that they had 
been infected by the virus of a mad dog or other rabid 
animal. It must be remembered that Pasteur docs 
not attempt to treat a case in which hydrophobia has 
actually made its appearance, and tliat he would desire 
to begin his treatment as soon after the infection or 
bite as possible ; the later tlic date to which the treat- 
ment is deferred, the less is the cliance — naturally 
enough — of its proving effective. He now omits the 
first three inoculations of weakest quality used in the 
case of Joseph Meister, and makes only ten iiloculations 
(beneath the skin on the abdomen), one every day for 
ten days, the strength of the virus being increased as 
above explained. Probably Pasteur is varying and 
improving his method in regard to certain details. 
He himself has made no statement of a conclusive 

c, 

nature during the year. He js observing and collect- 
ing his facts. But Dr. Grancher, who is at present 
Pasteur’s chief assistant in carrying on the inoculations 
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of human patients, has recently published a rough 
analysis of the cases treated. 

It appears that between the 6th of July 1885 and 

I 

the 10th of June 18^6 the number of patients treated 
by Pasteuf’s method was 1335. In order to eliminate 
cases of which *thc linal issue is uncertain, Dr. Grancher 
omits those treated subsequently to the 22d of April 
1886. Of the. cases treated within the period thus 
defined, there were ninety-six in which the patients 
had been bitten by dogs which were absolutely de- 
monstrated to be sufieriug from rabies. This demon- 
stration was afforded eitlier by tin* fact that other 
animals bitten by them liecame rabid or by an experi- 
ment in which a portion of the dog’s brain being placed 
in contact with the brain of a living rabbit was found 
to cause the death of that rabbit with indisputable 
symptoms of rabiefe. A second class of cases were 
those of persons wlio were bitten by dogs certified to 
be rabid by the veterinary practitioners of the locality 
in which the bite took place. Of these there were 
644. Lastly, there were 232 cases in which the dog 
which had inflicted the bite had run off and not been 
seen again, leaving it entirely doubtful a« to whether 
the dog had really been rabid or not. 

For ^e purpose of judging of the efficacy of 
Pasteur’s method the last group of cases should be put 
aside altogether. In the first two classes there are 
740 cases. These we can compare with the most care- 
fully formed conclusions as to fJhe result of bites of 
rabid dogs when Pasteur *s treatment has not been 
adopted. In the first part of this article it was stated 
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that the inquiries of the most experienced veterinarians 
lead to the conclusion that 16 per cent of human 
beings who are bitten by dogs which are certified to 
be rabid by veterinary surgeons skilled in that disease, 
develop hydrophobia and die. This estimate is a low 
one ; by some authorities 25 jicr cent hasi- been re- 
garded as nearer the true average. Taking the lower 
estimate, there should have died amongst Pasteur’s 
740 patients no less than 118. ^ 

What, tlien, is the dificrcnce resulting (so far as 
we can judge at present) from the application to these 
persons of Pasteur’s method of ti-catment { 

Instead of 118 deaths, there have been only 4, or 
a death-rate of one-half per cent instead of 16 per 
cent. In less tlian one year, it seems, Pasteur has 
directly saved 114 lives. When we remember what 
a death it is from which apparently he has saved those 
hundred and more men, women, and children, who can 
measure tlie gratitude whicli is due to him or the 
value of tlie studies whicli have led him to this 
ri'sult ? 

Nevertheh'ss, h‘t us be cautious. It is very natural 
that we should hasten to estimate the benefit which 
has been conferred on mankind by this discovery ; on 
the other hand, the method of testing its^.value by 
comparative statistics is admittwlly liable to error. 
Whilst the figures so far before us justify us in enter- 
taining the most sanguine view, a longer series of cases 
will be needful, and' Tiiinute examination of each case, 
before a final judgment can be pronounced. We have 
not before us at present the data for a more minute 



Ill 


PASTEUE AND HYDROPHOBIA 


153 


consideration of the separate cases. But one of the 
most hopeful features in M. Granchcr’s statement is 
that •he records only one death out of the ninety -six 
persons who were bitten by dogs experimentally proved 
to be rabid — proved, that is, by the communication of 
rabies by. the (logs*to other animals. 

Another extremely important series of cases is 
afforded by the forty-eiglit cases of wolf-bites treated 
by Pasteur’s metliod. Owing to the fiict that the 
rabid wolf attacks the throat and face of the man upon 
whom it rushes, tlie vii-us is not cleared from its teeth 
by their passage tlirough clothing, as undoubtedly 
occurs in many cases of rabid dogs’ bite. It is probable 
that this, together with the greater depth and extent 
of the wounds inflicted by wolves, accounts for the 
fact that whilst only IG ])er cent of the persons bitten 
by rabid dogs die, 'as many as 66‘5 per cent of the 
persons bitten by rabid wolves liavc* liitherto suc- 
cumbed. Pasteur has reduced this percentage in the 
forty-eight cases of wolf-bites treated by him to 14 ; 
seven of his cases ilii'd. But it is important to remem- 
ber that some of these eases Avere treati'd a long while 
(three we<'ks or more) after the bite ; and also that the 
bites themselves, apart from the virus introduced into 
them, w(ife of a very dangerous nature in some cases. 
On the other hand, it is eipially true that we do not 
know, until some very much more complete record is 
placed before us than we have at present, how many 
cases of very slight injury, mef'e ui])s or scratches, 
may have been included aihong the forty-eight cases of 
wolf-bite. 



154 


PASTEUK AND HYDROPHOBIA 


III 


Pasteur is still observing : he himself has not pro- 
nounced his method to be final, nor that its efficacy is 
actually so groat as the figures above given WOuhhseem 

to indicate. Time will show ; nmanwhile it is clear 
that the treatment is in itself harmless, and gives 
such reasonable liope of benefit tliat the great experi- 
menter is abundantly justified in allowing its fiime to 
be spread through all lands, in order that it may be 
tried on as large a number of unfortunate victims of 
dog-bite as possible. It is also clear that there is not 
the slightest warrant for those who would pronounce 
an adverse judgment on Pasteur’s treatment and com- 
pare him to the quacks who deal in “faith-healing ” and 
such like methods. 

What is above all things desirable at the present 
moment is, that thorough and extendc'd researches 
should be made by independent scientific experts in 
this country on the lines travelled over by ]\I. Pasteur. 
This, alas ! is impossible. Our laws plaee such im- 
pediments in the way of experiments upon animals, 
that even a rich man, were he capable, could not obtain 
the licenses necessary for the inquiry ; and secondly, 
the men who are most likely to bo capable ofrinquiring 
into the matter are not in a position to give up the 
whole of their time to it, and to pay compet(jnt assist- 
ants. No one in this country is given a salary by 
the State, and provided with laboratory and assistants, 
for the purpose of making such new knowledge as that 
by which Pasteur ha.% Jjrouglit the highest honour to 
France and inestimably lile^sing to mankind at large. 
On the other hand, it is in consequence and as the 
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direct result of such a position that Pasteur has been 
able to develop his genius. 

Pasteur himself has not explained what theory he 
has formed as to the actual nature of the virus of rabies, 
and as to the way in which his inoculations act, so as 
to protect an animal from the effects of the virus, even 
after the virus has been introduced into the system. 
Possibly he has no precise theory on the subject, but 
has arrived at his results l>y an unreasoned exploring 
method of experimentation. Such a method is not 
permissible to the ordinary man ; but in the hands of 
a great thinker and experimentalist it sometimes leads 
to great results. Charles Darwin once spoke to the 
present writer of experiments, not dictated by any 
precise anticipation of a special result, but merely 
undertaken “to see in a general way what will happen” 
— as “ fool’s experin'ients,” and added that he was very 
fond of such “ fool’s expeiiments,’" and often made 
them. When the individual who occupies the place 
of the “ fool ” is a man saturated with minute know- 
ledge of the subject on which tlu' experiment is to be 
ti’icd, it is likely enough that, unconsciously, he frames 
hypothes»s here and there without taking note of what 
is going on in his own mind, and so is unable to state 
clearly h^w he came to make trial of this or that ex- 
perimental condition. 

Whether Pasteur has worked in this way, trusting 
to the instinct due to his vast experience, or whether 
he has reasoned stop by step, w^do not know. It is 
nevertheless possible for the bystander to consider the 
various theories which may be regarded as tending to 
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explain the results obtained by Pasteur in the cure of 
hydrophobia. 

The general fact that the ill effects of some diseases 
due to specific virus or poisons can be averted by in- 
oculating a patient with the virus in a modified con- 
dition — as, for instance, when vaccination is used as a 
preventive of small -pox in man — may be explained 
more or less satisfactorily by three* difi’erent supposi- 
tious. The first supposition is t^iat the virus is a living 
matter which grows and feeds Avhen introduced into 
the body of tlie inoculated animal, and that it exhausts 
the sod — that is to say, uses up something in the blood 
necessary for the growth of the virus ; accordingly, 
when the soil has hei'ii exliausted l)y a modified and 
mild variety of the virus, there is no opjiortunity for 
the more* deadly virus, wlien it gains access, to feed and 
multiply. A second su2)])ositioii ib that the virus does 
not exhaust the soil, hut as it grows in the animal 
body produces substances which are poisonous to itself, 
and tlichc substances, remaining in the body after they 
have been formed there by a modified virus, act poison- 
ously upon the more dca<lly virus wh(*n that gains 
access, and either stop its dcvclo})ment alte-gether or 
greatly hinder it. An analogy in favour of this suppo- 
sition is seen in tin* yeast plant, which produces alcohol 
in saccharine solutions until a limited pc'rccntage of 
alcohol is present, then th(i alcohol acts as a poison to 
the yeast plant, and neither it nor any other yeast 

plant of the kind can grow further in that solution. 

^ *1 

A third supposition is that, whether the virus be a 
living thing or not, the protective result obtained by 
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introducing the modified virus into the body of an 
animal is due to the education of the living jiroto- 
plasmic cells of which the animal consists. If you 
plunge a mussel from the sea into fresh water, making 
sure that its shell is kept a little open, the animal will 
be killed, by the fi'esh water. But if you treat the 
mussel first with “ modified ” fresh water — that is, 
with brackish water — and then after a bit introduce 
it to fresh water, the fvesh water will have no injurious 
effect, and the mussel nifiy be made to permanently 
tolerate fresh water. So too by commencing with 
small doses, gradually increased, the human body may 
be made to tolerate an amount of arsenic and of other 
poisons which are deadly to the uneducated. 

Any one of those three suppositions would at first 
sight seem to ofler a possible ex})lanatiou of the pro- 
tective inoculation • against rabies and hydrophobia. 
It is not known that the virus of rabies is a S(*parate 
parasitic organism ; at the same time it is possible that 
it is. If it is not, the last of the three above-named 
hypotheses would seem to meet the case, and, whether 
the virus is a living thing or not, has an appearance 
of plausibility. 

But how arc we to suppose that the inoculation 
of modi^ed rabbit’s virus acts upon a man so as 
to cut short the career of a dog’s virus which has 
already been implanted in the man’s system by a 
bite ? 

To form any plausible conception on this matter 
we ought to have some* idfla as to the real significance 
of “ the incubation period,” and this we are not yet 
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able to form satisfactorily. Most diseases which are 
propagated by a virus — as, for instance, small-pox, 
scarlet fever, typhoid, syphilis — have a fixed and 
definite “incubation period.” What is going on in 
the victimised animal or man during that 'incubation 
period ? On the su2)position that the virus is a living 
thing, Ave may imagine that the virus is slowly multi- 
plying during this ^leriod, until it is sufficiently abun- 
dant to cause poisonous effects in the animal attacked. 
It is difficult to suggest an ('xj)lanation of the incuba- 
tion j)eriod if we do not assume that the virus is a 
living thing which can grow. 

The 2^oisonous effects are, at any rate, defen’cd 
during this incubation 2)eriod. If you could introduce 
a modified tind mild form of the same virus with a 
shorter incubation jieriod into the animal which has 
been infected with a stronger virus with a long incuba- 
tion jieriod, you might get the protoj)lasm of the 
infected animal accustomed first to mild and then 
gradually to stronger doses of the itoison before the 
critical jjeriod of the long and strong virus arrived ; 
and so, when the assumed hour of deadly maturity of 
the latter was reached, the animal tissE^es would 
exhibit complete indifference, having in the meantime 
learnt to tolerate without the slightest tremor of dis- 
organisation the poison (or it may be the vibration !) 
which, previous to their education, would have been 
rapidly fatal. Almost equally well we may figure to 
ourselves the state of'nreparation brought about if we 
choose to employ the terms of the first or of the second 
supposition above given. The point of importance to 
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ascertain, if sueli a conception is to .be applied to 
Pasteur’s treatment of hydrophobia, is whether the 
dog’s and wolf’s virus is longer in incubation and 
stronger in poisonouri quality than that of the rabbit’s 
cords as modified by hanging up in dry air. A general 
principle, appears to be— according to M. Pasteur — 
that, in regard to rabies, the longer the incubation 
period the less the virulence of the virus, and the 
shorter the incubation period the greater the virulence. 
The virus in the cord of the rabbits used by M. Pasteur 
for preventive inoculation is stated by him to be, 
when fresh, much more intense than that taken from 
a mad dog ; it produces rabies in a dog, when injected 
into its veins, in eight or ten days. By hanging in 
dry air for a fortnight this cord loses its virulence. 
But it has not yet been stated by Pasteur what are 
the indications that this virulence is lost, and whether 
the loss of “ virulence ” is in this case measured by 
an increase of incubation period. AVe have no infor- 
mation from Past(!ur on this point. It would certainly 
seem that the virus of the dried rabbits’ cords ought 
not to lose its short incubation period if it is to get 
beforehanil with the dog-bite virus, which has a period 
of five or six wcc'ks.^ And presumably, therefore, 
there mijst be two distinct qualities in which the 

1 Th(^ incubation period of five weeks oidinarily observed in the 
case of men bitten by rabid dogs may be due to the smallness of the 
dose, since Pasteur lias shown that small doses of rabid virus give 
longer incubation periods than large d^&cs. How fai’ a dose of 
weakened virus can be made U) attain 4htf rapid action of strong virus, 
by increasing the quantity of the weaker virus injected, has not been 
stated by Pasteur. 
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virus can vary : one, its incubation porioil, and the 
other its intensity of action, apart from time, hut 
in reference to its actual capabi ity or iiMjapa- 
bility of causing disease in this* or (hat species of 
animal. 

It is useless to speculate furthA' ou'the subject at 
present. The secret is for the moment locked in 
Pasteur’s brain. Had we in this country a State 
Laboratory or any public institution whatsoever in 
which research of the kind Avas provided for, the 
fundamental statements of Pasteur as to his results 
with dogs would ore this liave been strictly tested 
with alisolute independence and impartiality by 
English physiologists ri'taiiicd by the State to carry 
on continuously sucli inquiries. Similarly, avo should 
luiA'e inde[»endent knowledge on the jioints above 
raised as to the modification of the Aurus in rabbits, 
and the public anxiety on the whole matter would lie 
in a fair Avay toAAards being allayed. At the same 
time, in all probability similar treatment in i-egtml to 
other disease's would ere this have been devised by 
“ practical ” English cxpe'rimenters. As it is, owing 
to our repressive laws and the State negh'ct of scientific 
research, avc have to remain entirely at the mercy of 
the distinguished men Avho arc nurtured and^equipped 
by the State agencies of our Continental neighbours. 
All that AVC are in a position to say with regard to 
Pasteur’s treatment of hydrophobia is, that unless the 
accounts which have* been published in his name and 
by his assistants are not merely erroneous, but wilful 
frauds of incredible wickedness, that treatment is 
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likely to prove a success so extraordinary and so 
beneficent as to place its author in the first rank of 
men ©f genius of all ages. That is the position, and 
there is no reason why the former alternative should 
even for a moment be entertained. 


M 
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APPENDIX 

• 

The period of two years and a liall wliicli lias elapsed 
since the preceding article was wriiteji has extended 
our knowledge of the results yf I’a-^U'ur’s system of 
inoculation, and has also given more delinite shape to 
the theories as to the 7nodiis ope}'(i)idi of the protect- 
ive virus. Up to the commencement of last summer 
7000 persons had been inoculated at the Institut 
Pasteur in Paris. The average mortality of these in- 
dividuals was 1 per cent, or, in other words, there 
were 70 deaths. If the mortality had been 15 jjcr 
cent — the percentage of deaths of persons bitten by 
rabid dogs, as nearly as can be estimated, before 
Pasteur’s treatment was known — then there would 
have been as nearly as possible 1000 deaths ; so that 
we are justified in saying that Pasteur has already 
leaved ill this one institute alone UOO lives. Even if 
we make a reduction in the number of ca%es treated 
by considering those only in which the dog which bit 
was certified to be rabid by a veterinary surgeon, 
or experimentally proved to be so by inoculations 
made after its death with its spinal cord, we have 
still 4500 cases, with a mortality of 70 instead of a 
mortality of 675. 'In various places in Kussia and 
Italy, and in Turkey and* Havana, Pasteur’s system 
has been introduced with the same satisfactory re- 
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]icr cotit. 

The nunibei- of kioculatioiib with the preventive 
Aims and the strength of the virus used lias been 
gradually, modified during the past two years, in 
such a way as to render the later results better than 
those at first obtained. In fact, the latest returns 
show a reduction of. the mortality to less than 
1 per cent, and in some series to zero — as, for 
instance, at AVarsaw, where Dr. Bujarid inoculated 
in 1887-88 no less than 370 persons, all bitten 
by animals proved to be rabid ; of these persons 
not one died. A similar result was obtained at 
Palermo by Dr. A. Celli, who in 1887-88 inoculated 
609 persons. 

The following fact is perhaps the most convincing 
in regard to the efficacy of Pasteur’s treatment. In 
the year 1887 the official medical report shows that 
350 people were bitten in Paris by animals suffering 
from rabies. 306 of these persons verc inoculated at 
the Institut Pasteur ; of these 3 died. 44 of the 350 
declined to* be inoculated, and of these 7 died. AVc 
have here the two groups — the inoculated and the 
non-inocul^ted — drawn indifferently from the same 
population, living under the same average conditions, 
and subjected to treatment iit the same time. The 
results are precisely confirmatory of the conclusions 
arrived at from the study of the l^fger series of figures 
derived from less rigidly established data. The per- 
centage of the deaths of those who refused to be in- 
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oculated is 16 ; the percentage of the deaths of those 
treated by Pasteur is 1. 

It is a matter of great satisfaction to me* to be 
able to record here the recognition of the convincing 
character of these results l^y a large and* influential 
body of representative Englishmen, 'llie Lord 2Iayor, 
Sir James Whitehead, kindly undertook, at my urgent 
request, to visit the Pasteur Institute when he was 
in Paris in iilay 1889. What Le saw made so favour- 
able an impression that he readily undertook, on 
his return, to do something to show the gratitude of 
the people of this country towards M. Pasteur, by 
whom 250 British subjects had already been treated, 
and he consented to call a meeting at the Mansion 
House if I would endeavour to secure the co-operation 
of the leading members of the medical profession, of 
the President and Council of the Royal Society, and 
other representative men. The meeting, which was 
held on 1st July, has been declared to be the most 
influential which ever sissembled in the Mansion 
House. Among those who were present were the 
Duke of Northumberland, the Duke of Westminster, 
Sir John Lubbock, hl.L., Sir James Paget, Sir William 
Bowman, Sir Spencer Wells, Sir Henry Roscoe, Sir 
Joseph Lister, Sir Trevor laiwrence, M.P., Colonel Sir 
Edmund Henderson, General Strachey, the Dean of 
Manchester, Prebendary Harry Jones, the Vicar of 
St. Pancras, the President and Council of the Royal 
Society, and deputations from various medical societies 
and from dog-fanciers’ associations. The Prince of 
Wales, Professor Huxley, Professor Tyndall, and the 
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French Ambassador wrote letters warmly supporting 
the objects of the meeting. The following are the 
resolutions which were passed : — 

(1) That this meeting records its conviction that 
the efficacy of the anti-rabic treatment discovered by 
M. Pasteur is fully tlemonstrated. 

(2) That this meeting desires to express the in- 
debtedness of the people of Great Britain and Ireland 
to M. Pasteur and the»stall’ of the Institut Pasteur for 
the generous aid aftbrded l)y them to over 200 of our 
fellow-countrymen suffering from the lute of rabid 
dogs. 

(3) That this meeting requests tlic Lord J\Iayor 
to start a fund for the double purpose of making a 
suitable donation to the Institut Pasteur, and of pro- 
viding for the expenses of British subjects bitten by 
rabid animals, wlio are unable to jiay the cost of a 
journey to Paris. 

(4) ^diat this meeting, whilst recognising the 
value of i\I. Pasteur’s ti’catmcnt, and taking stops to 
provide for the treatment of persons who may here- 
after be bitten liy rabid animals in this country, is of 
opinion that rabies might be stamped out in these 
islands, and invites the (4overnment to introduce! with- 
out delay bill for the simultaneous muzzling of all 
dogs throughout the British islands, and for the estab- 
lishment of quarantine for a reasonable period of all 
dogs imported. 

The fund which was there ^nd then started has 
enabled the Lord Mayor fo assist many poor British 
subjects to visit Paris for the purpose of undergoing 
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M. Pasteur’s treatment, and has further enabled the 
committee to make a donation of 30,000 francs to the 
Pasteur Institute. • 

With rcreronco to the tlioory^of preventive inocu- 
lation for hydrophobia, it must be renieiiibeiud that 
the whole subject is one of the most recent develop- 
ments of biological doctrine. The fact was long ago 
established that inoculation of a disease may be suc- 
cessfully practised for the purpose of producing a heal 
development of the disease, which acts so as to protect 
the organism against a more general attack supervcniing 
by the ordinary channels of infection. Such inoculation 
was practised as a protection against small-pox before 
the discovery of Jenner, and lias also been used in 
relation to some otlier infective diseases. It may be 
spoken of as “ Montagnism,” in reference to Lady JVIon- 
tagu, who introduced the practice into this country. 
’I’hc use of tlie disease in a modified form for the pur- 
pose of inoculation (or of a distinct but allied disease 
for this purpose) is what is known as Jennerism, and 
is seen in the use of the cow-pox as a protective against 
small-pox. 'file further step of taking the infective 
material, which is nothing more nor less Mian living 
Bacteria, or microbes, of a special kind, and cultivating 
it artificially in solutions with increased ojfygenation 
or temperature, or whatever it may be, so as to 
diminish its poisonous quality, and then using this 
cultivated material for preventive inoculation, is 
Pasteurism. It ha^^been most extensively applied in 
the case of the splenic fev^r, or anthrax, of cattle and 
sheep, but also in many other diseases experimentally. 
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It is now demonstrated that the protection afforded, 
whether by Montaguism, Jennerism, or Pasteurism, is 
due to the production of a chemical soluble substance 
by the microbes of tfie disease, which may be termed 
generically “ vacciu.” The vaccinated animal or man 
becomes^ impregntfted with this vacein, and is no 
longer liable to suffer when the microbes of the related 
disease enter the blood or tissues by chance infection. 
The protection cannpt. however, be due to the ac- 
cumulation and retention of the vaccin in the animal’s 
body, for it has been shown by Bouchard that vaccin 
substances are excreted in the urine, which thus ac- 
i^uires vaccinating (|ualities. It must therefore be 
due to an action on the })rotoplasm of the living cells 
of the oi’ganism, by which the molecular condition of 
the protoplasm is slightly but permanently, or at any 
rate for a considerable time, changed. The condition 
of the chcmi(*al a(‘tivity of the protoplasm — summed 
up as “ nutrition ” — is affected, and it is no longer 
liable to suffer from the poisonous activity of the 
microbes related to this 2)articular vaccin. 

An extremely important question is whether the 
vaccin produced by a microbe is the mvie substance 
as the poison by which it acts so as to produce deadly 
effects. The poisonous product may be called the 
“toxin.” It is undoubtedly, like the vaccin, a 
soluble* diffusible, chemical body produced or secreted 
by the microbe. It is quite possible that in some 
cases the toxin and the vaccin^ may be one and the 
same substance, in which cilsc the protective action 
would be simple mithridatism, as explained in the 
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note at p. 113. .But in other casoi^ tin toxin and 
the vaccin seem almost certainly to he distinct. From 
what we know of the complexity of thi- chejnical 
changes and the variety of ejpbstances produced 
by Bacteria and other sehizophyta in fermentations 
set up by them elsewhere than if. a living, animal’s 
body, it would not be surprising if eventually we 
should be able to discover and isolate _ in the case of 
each kind of pathogenic microbe several toxins and 
several vaceins. The great object of this line of 
research in the future will be to obtain by artificial 
culture of the microbe, and subsequent treatmoiit of 
the products of its life, the vacci)i of each infective 
disease in its chemically pure condition, free from 
admixture with any of the toxin, and free from the 
microbe itself. A\’e have to subdue and utilise these 
ultra -minute organisms, and to make them render 
service to man, as we have done u ith larger and even 
more deadly enemies. Alrcad}' we employ a microbe 
to prepare our drink and to lighten our bread, and 
another to produce our vinegar, and a third to flavour 
our cheese. AYe shall hereafter Ijc able to breetl these 
dainty cattle and select strains suitable for^our uses, 
making the domesticated protect us from the un- 
trained kinds, even as the dog guards us from the 
wolf. 

AVe now know from J\I. Pasteur himself what he 
had not explained in 188G, viz. that he has been 
guided in his work <^n preventive inoculations, and 
especially in that on hydrophobia, by the theory that 
the toxin and the vaccin are two distinct soluble 
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chemical substances 

the spinal cord of a^rabic animal removed and hung 
up ii^a glass jar to dry, the vaccin substance appears 
to remain intact, \^jhilst the toxin diminishes, and 
finally is adl destroyed. 

As stifitcd in tfle essay to which this note is an 
appendix, If. Pasteur does not use in his treatment 
of persons bittoji by rabid animals an attenuated virus, 
that is, a virus contaviing a weakened toxin, but, on 
the contrary, a virus of incD'asod strength. The rabic 
virus as found in tin* dog is of medium strength and 
rapidity of action ; by (‘ultivatiou from monkey to 
monkey it can bo attenuated, rendered slower and less 
tleadly in its action. Put by cultivation from rabbit 
to rabbit M. Pasteur obtains a virus of maximum 
intensity, which kills in sc'ven days, and it is this 
which he makes use of in Ireating persons who have 
been already infected by the virus of medium strength 
from the tooth of a dog. 'fhe explanation of this is, 
of course, related to the fact that M. Pasteur has not 
in his treatment to j)rcparc his patients to withstand 
a future inoculation by dog -bite, but has to treat 
persons akeady bitten, already harbouring in their 
bodies the slowly-acting form of the virus derived 
from the do". 

“It is/’ Dr. Bouchard observes, necessary to 
overtake this hitter virus, to act more quickly than it 
does, in hict to make use of a vaccinating virus of 
briefer incubation, to employ i^^ consequence an in- 
tensified virus. Inoculated, beneath the skin, a rabic 
virus of any kind will often give vaccinal protection ; 


produced by the microbe. In 
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a virus of short incubation — the virus of the rabbit — 
will vaccinate, if it does not kill, iefore the virus from 
tlie dog will liave produced hydrophobia. If the 
object had been a prophylaxis agp.inst possible future 
bites, the source of the virus used would ha\e mattered 
little ; but the })urpose was to obtain tlicrapeutic in- 
o(*u]atioii. It is for this reason, I think, that M. 
Pasteur (diose the nu'dulla of tlie rab\)it as his source 
of va(‘einal virus. He submitted this medulla (spinal 
(iord) to desie(*ati()n, be(‘ause ho had established ex- 
])erimentally that, whilst the fresh medulla inserted 
beneath the skin kills often, the desiccated medulla 
does not kill, or kills very rarely. Further, he made 
out experimentally tliat the more of tlie medulla ho 
ins(*rted, th(‘ less chance there was of killing and the 
greater (diain'e of (‘onferring immunity. In coiise- 
([ueiK'e, M. Pasteur found it necessary to multiply his 
inoculations, to make several every day and for several 
days, (hiided, no d()ul)t, by jnaidenlial reasons of a 
purely theoretical chara(*ter, he chose for the first 
inoculations the oldest medullas, which arc no longer 
virulent, or ar(' V(‘ry nearly ceasing to be so, and he 
then passed on to medullas of a little more ^dangerous 
character, thinking thus to establish step by step 
partial immunities, so as to render each subsequent 
inoculation with a less desiccated medulla cpiite in- 
offensive. 1 imagine that the method of anti-rabic 
vaccination was thus built up little by little under 
the influence of th(\oretical views and experimental 
conclusions. The practice fliaving been demonstrated 
good by experience, its formula has remained, and 
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has not varied, even although the theory has been 
modified profoundly. 

• At the present moment M. Pasteur believes that 
his desiccated medullas contain a virus, not attenuated 
or altered in character, but diminished in quantity, 
and that it is le§s abundant in proportion as the 
medullas have been long kept. He considers that 
this virus will require a longer time to produce hydro- 
phobia than would a .fresh medulla, because the dura- 
tion of incubation is ceteris ixirihus proportional to 
the quantity of the virus. He supposes that during 
this long incubation there is an advantage in that the 
vaccinal effect — immunity — has time to produce itself, 
but he explicitly states that this immunity is not due 
to the virus. It is, he says, produced l)y a vaccinat- 
ing substance which exists in the medulla side by side 
with the virus, and that desiccation, wliilst destroying 
the virus (toxin), leaves tlie vaccinating matter (vaccin) 
intact. 

“ Consequently the virus has nothing to do with 
tlie result ; in the anti-ral)i(* vaccination there is only 
one thing of any servi(‘e, and that is the vaccinal 
matter. .That being so, wliy choose an intensified 
virus, a virus of sliort incubation i Why make suc- 
cessive inoculations with medullas of increasing viru- 
lence ? Why not limit oneself to a medulla of fourteen 
days’ desiccation — a medulla which has ceased to be 
virulent, and is still vaccinal, which contains what is 
useful and nothing which is risky or dangerous ? ” 

To these questions* iM.* Bouchard replies that, prob- 
ably because the present system has been found 
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efficacious, there is a natural reluctance to change 
any of its empirical details, but that further experi- 
ment with animals may lead to modification ir the 
direction indicated l)y his (queries. On the other 
hand, it is admitted by all who have occupied them- 
selves with the subject that there' is still a vast deal 
to be ascertained experimentally in regard to the 
whole question of vaecins and immunity. A curious 
commentary on j\I. Bouchard’s anticipations is found 
in the fact that the Russian physicians have modified 
Pasteur’s system in the opposite direction. They 
carry on the series of inoculations till medullas of 
only tw’o days, and in some cases fresh medullas not 
tw'enty-four hours old, are reached. The results of 
this intensive treatment are said to be extremely 
satisfactory, giving less than 1 per cent of deaths. 
The I’hth'ajx'ntiqne den jUtdadlea Jnfectieunes, Anti- 
sepsie of Professor Bouchard, ])ublished in Paris in 
1889, contains the most luminous exposition of the 
whole subject of vaccination and immunity in refer- 
ence to Bacteria with which I am acquainted. Those 
who may have been stimulated by the foregoing 
remarks to a desire for further information oon these 
topics cannot do better than pi'ruse M. Bouchard’s 
admirable work. 
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EXAMINATIONS 

1 DO not feel much cEfficlence in complying with the 
request of the Editor of this Review, that I should 
write a brief statement of my opinion on the recent 
attack upon examinations, because I believe that there 
are very few persons who have had so wide and con- 
tinuous an experience in examinations as I have had. 
In early days I was subjected to innumerable exam- 
inations for scholarships, degrees, ai\d fellowsliips, 
both at Oxford aud at Canil)ridge, and during the 
past twenty years J have been almost constantly 
employed in examining for scholarships, or degrees, 
or fellowships, or other appointments on behalf of the 
University of Oxford or of that of Cambridge, or for 
my own or another college, or for the University of 
London, #r for the Civil Service Commissioners, or 
the Publics Schools Examination Board. 

A m(jj:e experience of a vast number of examina- 
tions would not, I think, in itself enable any one to 
form an opinion as to the good or evil results flowing 
from the present examination system were that ex- 
perience not accompanied, as it/ has been in my own 
case, by constant occupation as a teacher : I have 
been thus occupied both at Exeter College, Oxford, 



176 


EXAMINATIONS 


IV 


and at University College, Lond^jn. It is only by 
close contact as a teacher with the actual class of 
students who are submitted to any particular examina- 
tion, that it is possible to form a really well-based 
judgment as to the influence which the examination 
system is exerting upon education, and i+ is only 
by actual experience as an examiner that a correct 
appreliension of tlie limitations and possibilities of the 
examination system can be gained. 

Though I agi ee with the general statement of the 
recently published protest that the examination system 
is at the })resent moment exerting a most injurious 
influence upon the youth of this country, I did not 
feel able to join in signing the published paper on 
account of the indiscriminate character of the attack 
therein made. ^ 

I have often thought that in these days of con- 
gresses a conference of examiners might with advan- 
tage be brought together in order to discuss the Art 
of Examining, and if possible to frame some general 
conclusions as to the best methods of examining in 
various cases and for various ends, as well as to con- 
sider the utility or inutility of examinations as at 
present applied to a variety of purposes. 

It appears to me that it may very well, be con- 
ceded without discussion that it is likely that examina- 
tion is useful and in every way satisfactory in regard 
to some of the purposes to which it is at present 
applied, whilst it may be productive of harm when 
applied in relation to other purposes. 

No statement or discussion concerning examina- 
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tions can therefore'^be admitted which does not re- 
cognise this distinction ; the question, for instance, of 
the utility of qualifying examinations must be kept 
apart from that of the utility of competitive examina- 
tions. 

Moreover, it haAlly admits of dispute that, whilst 
some subjects of study or accomplishment can readily 
be made the matter of examination, and will yield the 
most conclusive evidcyice as to the acquirements of 
an examinee when they arc thus used, other subjects 
are extremely difficult to examine in. Thus elemen- 
tary mathematics form perliaps the ideal subject of 
examination, whilst philosophy and other speculative 
matter are troublesome and illusive from an examiner's 
point of view. JMore than this, wliilst it is jiossible 
to test by examination the memory of llie examinee 
as to the contents of a book, and even his real know- 
ledge of a subject, it is very niu(*]i more difficult to 
test by examination his possession of a variety of 
mental qualities, such as administrative capacity, tact, 
intellectual honesty, and other moral attributes ; at 
any rate no such t(\sting, even could it be devised, has 
hitherto liqen practised. 

Hence it seems that tlio whole question of exam- 
ination must be limited by a consideration of the 
subject-matter to which examination can be applied. 

A third element of very great importance in any 
estimate of the influence of examinations is that of 
the persons who examine and the persons who are 
examined. It is maifitakicd* by many thoughtful 
observers that there is no harm in examinations so 

N 
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long as they are limited to the' examination by a 
teacher of his own pupils. is maintained on 
the other hand — or perhaps I should say was piain- 
tained some years ago — by distiijguishcd educational 
reformers, that the examination of his pupils by a 
teacher is harmful and absurd, and that the only 
good that can be done by examinations is done 
when the examiner is a stranger alike to the ex- 
aminees and their teachers. Under this head also 
arises the consideration whether examinations are 
at all times in all places good for all men. It may be 
that examinations of one kind and anotlicr can be 
advantageously applied to schoolboys, but are not 
useful to the same extent or for the same purposes 
when applied to university students or to professional 
men. Some persons think examinations bad for 
infants, ivhilst admitting their harmlessness when 
applied to children above ten years of age ; some 
think that women as a rule are injured by the ex- 
amination rack, which only permanently injures a 
.small percentage of their brothers. Accordingly, we 
must note as a variable haiture, which must be limited 
and defined in all statements as to the influence of 

r 

examinations, the personal element sought by the 
questions : Who arc the examiners ? Who are the 
examinees ? What are the relations of the one group 
to the other ? 

It is impossible in the space at my disposal to go 
over from the three ^points of view above stated the 
whole series of examinations held under one or other 
authority in this country. I will confine myself to a 
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statement deriveoj from such special experience as 
I have had, whi(!^ includes examinations of four 
distinct kinds, viz. : — 

I. Examinatioits aiiplied as part of the educational 
system in schools and universities. 

II. Examinations qualifying for admission to a 
profession, in which special knowledge is a necessary 
equipment fon the honest practice of the profession. 

III. Examinations for the purpose of selecting by 
strict competition the one or more successful candi- 
dates from among a number of applicants for a post in 
the Home or Indian Civil Service. 

IV. Examinations for the purpose of selecting by 
strict competition — the award going to the examinee 
who has scored most marks — the recipient of a 
scholarship or of a university fellowship. 

I. Firstly, with regard to the use of examinations 
in schools and universities. I cannot admit that there 
is any well-founded objection to the use of examina- 
tions as a means of testing and determining the 
progress of a student in an educational curriculum ; 
on the contrary, it seems to me that pass examinations 
at definite intervals are necessary both to enable 
the teacher to ascertain whether the student has 
gained |ufiicient knowledge in order to proceed to 
a further grade or branch of instruction, and to enable 
the teacher to correct his own methods if found 
defective. To the student also such examinations are 
a most valuable exercise, sincj» by passing them he 
gains confidence in his *own progress, and in the 
attempt to pass them, surveys and brings into practi- 
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cal form the results of study. ^uch examinations, 
however, assume a different asp''jct when they are 
conducted, as is too frequently the case, by’ an 
examiner appointed ad hoc, who i^ a stranger botli to 
the examinee and to his teacher. A furtlier modifica- 
tion wliicli is as a rule injurious — though not, perhaps, 
under all cireumstanees — is iiiti’oduced when the 
examination is made competitive, and the results 
are published to the world with the examinees’ names 
arranged in order of merit. There is, I think, a 
distinction to bo drawn here between tlie examination 
of schoolboys and that of univ(‘rsity students. ]\Iy 
strong impression is that competition by examination 
for pre-eminence in class among schoolboys is not 
injurious, but, acting uj)on healthy young natures, 
serves as an unobjectionable stimulus to exertion. It 
also seems to me that, wdiilst frequent or even 
annual inspection and examination by external ex- 
aminers is open to the same objections in the case 
of schools as in that of universities (to be mentioned 
below'), there is not the .same objection to a “leaving 
examination” or “university matriculation examina- 
tion” being conducted by examiners who have not 
been the teachers of the candidates. Such an ex- 
amination as that last named may be reg'^.rded as 
a means of criticising and testing the i)erformanee 
not merely of the schoolboys but of the schoolmasters. 
And it is right that they should be so tested and 
directed by those charged with the later steps of 
education, namely, the authorities of the university. 
The university must necessarily bo regarded as the 
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highest authority m the educational system, and it is 
desirable that it should give direction to school educa- 
tion*, and maintain by its criticism a certain standard 
of efficiency in the work of masters and scholars alike. 
On the other hand, there is no authority beyond that 
of the .university* and accordingly there is not the 
same reason for subjecting university students to 
examination by persons wlio have not been their 
teachers as there is ki the case of schools. 

The plan of setting “impartial” examiners who 
have had nothing to do with the teaching of 
the examinees to test them Ijy written papers and 
vivd voce questioning is the primary (wil from which 
all the abuse of examination in the English universities 
springs. The system has grown to such dimensions 
and acquired such collatei-al dcv(‘lo2)mcnts in Oxford 
and Cambridge that in my o2)inion the condemnation 
expressed by Professor Freeman and Mr. Frederic 
Harrison is fully justified. The system administered 
by the examining board in Burlington Cardens, known 
as the University of London, is even more injurious in 
its results. 1 venture to express this opinion as 
having acted for some years in the capacity of ex- 
aminer for the University of London and at intervals 
for th(^ Universities of Oxford and Cambridge. It 
is desirable to state a little more fully what the 
system objected to is, and the nature of the evil 
which it produces. The special examiner — if I may 
use that term to signify ai^ examiner who is not 
the teacher of the exaflainee — is employed both to 
carry on pass examinations, which in themselves are 
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free from objection, and indeed n^icessary parts of a 
university curriculum, and also to j/onduct competitive 
examinations for “ honours ” and university prizes. 
He examines pupils taught in a number of different 
colleges, who compete with one another like the 
race-horses from rival .stables. The teachers 'act the 
part of trainers, and university teaching assumes the 
form of a keen and restless competition -for success in 
the examination. The result in< regard to the teach- 
ing is most disastrous. It has been deliberately 
maintained by the advocates of tlie system (to carry 
out which the present University of London exists) 
that its chief advantage is that by employing first-rate 
examiners you can dispense with any 2-)rovision for first- 
rate teachens, or indeed any teaching at all, since the 
examining body la}'s down in detail the subjects of the 
university curriculum, and by a fr(‘e com])etition those 
teachers will come to the front who succeed in jiassing 
most candidates or gaining most honours. The direct 
result of tliis 2)lau is tliat in London there are a large 
number of teachers who take very low fees, and who 
teach tlieir subjects solely with the view of securing a 
pass for their 2m2)ils with the minimum exj'enditure 
of time. Comjtctition leads to tlic underselling of 
capable men by inferiors, and a consequent (diffusion 
of the students among a number of small private 
or semi-i)ublic institutions where, as the results of 
the examination-room show only too clearly, they are 
not well taught. Oxford and Cambridge the 

result of the system of special examiners is modified 
by the “ iieculiar institution ” of those universities — 



IV KXAMINATIONS 183 

the colleges. The competition is not amongst in- 
dividuals or small irttpoverished schools, but amongst 
wealfhy colleges. Accordingly the teaching never 
sinks to so low an ebb as in London ; college endow- 
ments and the college monopoly of fees enable the 
Oxford and Cambridge colleges to employ men of 
ability and culture as “trainers” for the examination 
stakes, and each college competes with its neighbours. 
But a curious result of the combined system of college 
monopoly and special examiners is that the univer- 
sity professors are, in regard to most subjects taught 
in colleges, left without occupation, having, as a 
rule, very few pupils and no voice in the examina- 
tions. 

The result of these arrangements, whether in 
Oxford and Cambridge or in London, is that the 
examinations acquire an undesirable importance. A 
man refers throughout his life to the fact that he 
obtained a “first-class” as a sort of jierpetual testi- 
monial, and as the com})lemcnt of this attitude the 
examination is insensibly, and without deliberate 
intention, made more difficult every year. The men 
who have •been themselves examined in this way, and 
who have taught in connection with this system, in 
due couiBe become examiners or assist in preparing 
schedules of the examination, and each gives a turn to 
the screw until the condition is arrived at when a 
candidate for honours has no time to read or to think, 
but must rush, note-book in^lvmd, from one skilful 
lecturer or coach to another, who undertake to put 
him through “ all that is necessary for the examina- 



184 EXAMINATIONS ‘V 

tion,” in so many hours a week, ^in twenty difterent 
branches of study. / 

Perhaps the most injurious result of the systt^m is 
the degradation of the teacher. • There is no nobler 
vocation among men than that of the teacher ; there 
is no more enviable position in the world thf«n that of 
the university professor as realised in Germany — 
honoured by the Htatc, chosen from among his com- 
peers to pursue his studies as a public servant and to 
associate with himself in the making of new knowledge 
the best youth of the Fatherland. For him there is no 
intrusive board of examinei's — drawing away from him 
the attention and i-especb of his pupils, or urging him 
to put aside his own tliought and experience, and to 
teach the conventional and commonplace. The system 
invented by Fichte maintains that perfect relation of 
teacher and pupil which he sketched in liis description 
of the University to bo founded at Berlin in the 
beginning of this century.* The essence of that 
relation is the absence of examiners — the professor 
himself is (‘xamincr and teacher in one. Another 
important feature is that the professor is neither 
dependent on fees, nor entirely iiKh'pendenl) of them. 
He has a stipend which en.sures him a certain freedom 
of action, and his pupils pay him a small fee which 


1 Fichte says in fjo many words that a university is riot a place 
where in.sti action is given but an institution for the training of 
experts in the art of making knowledge, and that this end is attained 
by the association of the pupil with his professor in the inquiries 
which the latter initiates ana pursues.^ Such a university is what very 
many Englishmen who have studied in Germany desire to see in 
London, in Oxford, and in Cambridge. 
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ensures his attentii)n to their requirements as well 
as their respect fo^ what is not merely given for 
nothing. Compare this with the position of the 
professor who teaoiies under the auspices of the 
University of London, or even with that of the college 
lecturer of Oxford or Cambridge. The university, in 
order to carry out its system of examinations, is 
obliged to produce a detailed schedule of every subject 
in each examination, iind it is only in accordance with 
this schedule that the professor or lecturer can open 
his mouth. Such schedules necessarily become anti- 
quated ; they arc often futile and objectionable even 
when freshly prepared by the “boards” of examination; 
but the most gifted teacher is tied down to these 
schedules, drawn up often by those who have passed 
from a former period of “activity” to a later and 
mischievous period of mere “ authority.” The pupil 
necessarily under this system looks upon his teacher 
as an inferior person, who like himself is subject to the 
dictation of examiners ; he resents the introduction of 
any matter in the course of the teaching offered to 
him which is not in the schedule, or will not pay 
in the examination ; he pays his fee not to study 
a subject, but to be “ put through the examination,” 
and, uijider the system of open competition among 
teachers which exists in London, he tends to seek 
that teacher who most frankly accepts the odious 
position of the examination hack. 

In my own opinion, as ha^^'ng had experience of 
it at University College,* the* attitude thus forced on 
pupil and teacher by the examination system actually 
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at work is most pernicious to the intellectual develop- 
ment of the student, and to the' teacher almost un- 
bearable. Fortunately for me my experience has' been 
largely mitigated by the fact that I have independ- 
ently held the post of examiner at Burlington House 
during the greater part of the time in which I have 
been teaching at University College. And this 
brings me to a curious and important consideration. 
The advocates of the examinations of the University 
of London claim, and from the first have claimed, 
that their great recommendation — as contrasted with 
the examinations of a German or a Scotch university, 
in which there is no schedule and the professor is 
examiner — is that in the London system the schedules 
are laid down by an indexicndent board of learned and 
impartial authorities, who are not teachers, and that 
the examinations are conducted by highly-paid 
examiners who have no interest in or knowledge of 
any of the candidates ; therefore (it is said) the results 
deserve the very greatest confidence — they are abso- 
lutely impartial. Now as a matter of fact the world 
is so constructed that this pretence of impartiality is 
sheer nonsense. A superior class of beings who can 
draw up schedules and examine without teaching does 
not exist. The examiners of the University ot London 
are, as a matter of fact, teachers ; and often, as in my 
own case, a fourth of the candidates in an examination 
have been taught by the examiner, whilst the remain- 
ing three-fourths sufic^ the disadvantage of not having 
been so taught. ‘ 

A final objection to the “ special examiner ” system. 
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whicb is perhaps of more practical value than any 
other objection, is tliis, viz. that one of the real 
advantages of examination in connection with educa- 
tion is lost when a stranger examines instead of the 
teacher. That advantage is the observation on the 

^ o 

part of the teacher of the failure or success of his 
methods of teaching. The importance of this experi- 
ence to the teaeher cannot be exaggerated. Where 
external examiners aot tlii'y necessarily give most 
meagre reports as to the performance of the examinees ; 
“ reject,” “pass,” “honours,” are the actual words which 
convey all the information vouchsafed to the teacher. 
At the University of London no proper leports on 
the performances of unsuccessful candidates are ever 
given, and no use is made of the examination for the 
purpose of correcting the teaching in the different 
places of study which supply candidates. The reason 
for not giving such reports is adequate and is condem- 
natory of the whole system. It is this : There are so 
many candidates that it would be impossible to furnish 
a full report of each candidate’s work to his teacher.^ 
The opinion then which I hold in regard to ex- 
aminations* in the universities is that they are excellent 
and useful oidy on the condition that they are cou- 

^ The (le^nders of the examination system of the University of 
London are in the habit of quoting the extremely large numbers of 
its candidafes as evidence of the huccess of the university. On the 
other hand, it seems that really these large numbers are one of the 
strongest objections to the system pursued — since it is imjwsaibk to 
maintain uniformity of judgment with more than one hundred 
examinees, or to give proper time lyid altef tion to the preparation of 
reports on the work of each examinee which may serve as guides to 
the teacher in each case for the future. 
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ducted by the teacher, and that they are not competi- 
tive and have no honour or distinction assigned to 
them, but are used simply as pfiss-tests for admission 
to the degree. The teachers* in every university 
ought, I venture to think, to be professor-examiners, 
and the student slioidd be admitted to ]iis degree 
wlienever he has obtained tlie certificate of having 
passed the class examination of three qf such professors. 
It is not impossible that at, some future time the 
college-lecturers of Oxford and Cambridge will be 
grouped with the university profi‘S',ors, each repre- 
senting a special subject or branch of a subject, and 
such an organisation as that required to make the 
teaching and examining in these universities profes- 
sorial may l)e bvouglit about. That time, however, is 
undoubtedly remote. In London there is perhaps a 
better chance of the establishment of a professorial 
university : it is a chance (h'peuding on the report of 
a Royal Commission now sitting. There is no reason 
why there should not be more than one University in 
TiOndon, it is big enough to occiqiy several. 

II. With reference to examinations qualifying for 
admission to a profession, there (‘an, it sepms to me, 
be no (question as to their necessity and their harm- 
lessness, if conducted with certain restrictions. Such 
examinations ought to be administered by some high 
authority representing cither the profession or the 
State. The examination should be a single qualify- 
ing examination in that knowledge necessary for 
the practice of the 'profession. There should be 
no attempt to control the steps of the education of 
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the candidates; the examination should be in the 
minimum of necessary^ subjects, and the standard of 
passing should he the lowest compatible with the 
safe guarding of the public. No competition for 
honours or distinction of any kind should be associated 
with such examination. The education of candidates 
for the professions — the church, the law, medicine, the 
army — is and sliould be undertaken by bodies inde- 
pendent of the profc'ssioii. The university degree, oi' 
the Fellowship of a College of Surgeons or Physicians 
should be altogether indejtendent of and an addition 
to the possession of the State or professional diploma. 

III. The (piestion in regard to examinations, 
which undoubtedly has the greatest interest for the 
general ])ubli(', is that as to the desirability of con- 
tinuing to ('niploy them for the purpose of selecting 
appointees in the Horae and Indian (.dvil Service. T 
must admit that, strongly opposed as 1 am to com- 
petitive examination in the universities, I do not see 
how to avoid it in this matter. 1 believe that a great 
boon was conferred on th(‘ p(' 0 [)le of this country when 
Government appointments were thrown open to them 
in this way, and 1 should rather see further progress 
in this direction, so as to include more valuable 
offices, t]jan a retrograde movement. The whole 
question, here seems to me to limit itself to this : 
“How to improve the Civil Service Commissioners’ 
examinations so that ability and (jualities of the kind 
desired for any given post inaj be selected as the 
result of those examinatiofts.” I have no doubt that 
a great deal might be done in the way of improving 
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tliese examinations. In some cases it is easy to adapt 
the examination to the work required of the future 
Civil servant, and then if the examination be long 
and thorough I do not see what better system of 
selection can be invented. Thus, for instance, in 
selecting from among the gentlelnen who apply to be 
appointed to vacancies on tlie staff of the British 
Museum, it is easy to apply an examination which is 
directed to the subject with w.hich the future curator 
will be occupied. This method has been adopted not 
so long since, and its results seem to be satisfactory. 
It would be possible to adopt a similar style of ex- 
amination in regard to other offices, and even the 
candidates for Treasury clerkships might lie examined 
in such a way as to test, not their preparation, but 
their general intelligence and mental agility. Prob- 
ably the effort which has been made to throw the 
Indian and other Civil Service apj)ointmcnts into the 
hands of the upper classes by favouring in the exam- 
ination the subjects taught at the public schools, is 
chiefly to blame for the apparent absurdity of the 
examination system as a test of a man’s fitness to act 
as an Indian magistrate or an inspector *of primary 
schools. The examinations might be adapted — no 
doubt at the expense of some trouble and ingenuity — 
to the special requirements of each kind of appoint- 
ment. 

IV. Space does not remain for me to discuss, as I 
should like to do, th^ subject of competitive examina- 
tion for scholarships ffiid for 'fellowships. Here the 
competition falls within the school and university 
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curriculum, and is accordinglj ohjeetionahh The 
competition for university entrance scholarships 
amongst the large schools, and the glorification of the 
school with the longest list of successes of this kind, 
are bad. School education becomes, in consequence, 
more and more confined to those subjects which lend 
themselves readily to examination competition. Boys 
are specialised in their studies too soon, and the 
clever boys who have a chance of scholarships are 
over-taught, whilst the stupid boys, who need more 
teaching, are neglected. Besides this, the awarding 
of these scholarships to rich and poor alike by open 
competition simply increases the average expenditure 
of the university undergraduate by £80 a year. 
Those whose parents can pay for the best coaching, 
that is to say, arc richest, carry off these prizes from 
the poorer competitors, and what should be (and in 
some cases is) the means of supporting a youth at 
college, becomes simply so much extra pocket-money. 

I would award these scholarsliips, after careful inquiry, 
to those who were really unable to exist at the uni- 
versity without them. A special organisation would 
be required for their administration, designed so as to 
avoid jobbery and nepotism. The college which 
awards the scholarship might require a legally certi- 
fied statement of poverty from each candidate, and a 
limited 'competition by examination, not in special 
subjects, but in a wider range than is at jnesent 
usual, might then be applied. The stigma of poverty 
thus attaching to the SQholaH^’ would do no harm, 
but good. There is too little poverty and too much 
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luxury among Oxford and C^ambridgo uii< 'orgraduatos 
at present. 

With regard to fello\vsliips-*-tlie plan wliielj has 
been adopted within the last ^en } ear^ both by 
Oxford and Cambridge colleges with referoiice to the 
award of fellowships for distinction in natural science 
might well, I think, be adopted in regard to fellow- 
ships in all subjects of study. (Candidates for the 
fellowships are re(piested to send, in support of their 
application, copies of any original works whi(*h they 
may have published. There is no general examina- 
tion, but a few questions may be set to each candi- 
date Avith special refereiu'c to the matter of his 
original work. Tin* work doiu^ ))y a (aindidate at his 
leisure, and not the gymnastic* performanc'C in an 
examination room, thus decides the competition. 
Fellowships have been awarded in this way at Trinity, 

John’s, Christ’s, and Clare (Jolleges at Cambridge, 
and at Lincoln, University, and New Ccdleges at 
Oxford. 
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THE SCIENTIFIC RESULTS OF THE 
INTERNATLONAL FISHERIES EXHIBITION, 
LONDON, 1883 

The text which has been selected for the Paper which 
I have the honour to submit on the present occasion 
has caused me no little perplexity on account of its 
ambiguity. 

It has been pointed out to me that it is unwise to 
prophesy unless you know, and that no one at present 
can know what may be the results, scientific or other- 
Avisc, of the great Exhibition, which has still some 
months of its career to run. 

Again, it is apparent that the word “ scientific ” 
has a very wide scope, including statistical, mechani- 
cal, hydrographical, biological and sociological results, 
all of whi<;h are in some way or other to be observed 
and studied in the great International Fisheries Exhi- 
bition. 

The comprehensive vagueness of the title of my 
discourse has, on the other hand, the advantage that 
it permits me to choose from a very wide range of 
subjects, and I have accordingly to submit to you the 
following as a more exact* deflhition of the matter to 
which I desire to call your attention. I propose, not 
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to speak so much of scientiho . j flow 

from the Exhibition, as of scientific results which arc 
illustrated in the Exhibition, and*in particular of J;hose 
results of the science of Zoology which are of import- 
ance to the Fish Industry, and are more or* less com- 
pletely set forth for our instruction and edification in 
the collections which have been brought together in 
the London International Fisheries Exhibition. 

It would have been a congenial task to me to 
describe here some of the rare specimens of great 
interest to the zoologist, which have been sent by 
foreign countries to this exhibition. Such specimens as 
Nordenskj old’s Rhytina and the magnificent skeletons 
of Xiphioid Whales shown in the Swedish Court are of 
sur^iassing interest and importance from the zoological 
point of view. At the same time it must be admitted 
that they do not have any special importance in rela- 
tion to Fisheries, and accordingly I must leave un- 
noticed such rarities and deliglits of the zoologist, in 
order to address myself more especially to the ques- 
tion of the relationship of the science of zoology to 
the fish industry. 

The value of zoological science in relation to 
fisheries is not, I think, so fully appreciated in this 
country as is desirable in the interests of the public, 
and of those who make profit by enterprise in 
fisheries. 

There is a very general tendency among men 
whose occupations are of a commercial character to 
undervalue the work o'f- scientific inquiry, not only in 
regard to such matters as fisheries and fish-culture, 
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but also in relation to manufacturing industries, agri- 
culture, mining, and even in relation to medicine. 
To a* large extent this arises from a misconception as 
to the real nature ‘and character of what is called 
“science.’' Science is the knowledge of causes; its 
method <ind purpose when strictly pursued lead to 
the accumulation and arrangement of thorough and 
accurate knowledge of any given subject to which it 
may be applied, with a certainty and an abundance 
which no other method and no other purpose can give. 
Undoubtedly the latest scientific knowledge of a sub- 
ject is very usually not immediatehj useful to those 
who are engaged in applying commercial enterprise 
to the same subject. It is however to be noted, over 
and over again, that the scientific discovery of one 
generation becomes the necessary foundation of some 
valuable commercial enterprise in the next : what was 
at one time a curiosity and of little interest, save to 
men of science, becomes after fifty years the pivot of 
some great industrial manufacture. 

Accordingly commercial men, and those who place 
the material well-being of this country beyond all 
things as* an object to be continually striven for, 
should have patience in the presence of what seem 
to be tl^e useless accumulations of knowledge ; they 
should have faith in the ultimate utility of science, 
for already throughout the length and breadth of the 
land this cause-reaching knowledge, which we call 
“ science,” has proved its enormous power of aiding 
commerce, and has amply e^blished its claim not 
to mere toleration but to eager and generous support 
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from those who nre rejiping golden harvests through 
the science of a past generation. 

When we remember that science is really no more 
nor less than such accurate and fifll knowledge of this 
or that class of natural things as enables ds actually 
to understand “the causes of things,’" then it. becomes 
obvious that the distinetiou which is sometimes drawn 
between tlie “scientific” man and tlie “practical” 
man is founded upon some kind -of error. If there is 
the antithesis which fashion causes many persons to 
assert as existing, let us see Avhat becomes of it when 
we say, as wg are justified in saying, that the scientific 
man is the man who knows thoroughly and accurately. 
The contrast insisted on between the scientific and 
practical man becomes, then, simjdy the contrast 
between the man who knows and the man who does 
not know, but acts in ignorance. 

As a matter of fact there is no such antithesis. 
Your man of science is, or should be from the nature 
of his pursuits, more thoroughly practical than any 
one who affects to despise scientific knowledge, for he 
is accustomed to ensure success in his experiments 
and investigations by taking every means in his 
power to that end ; above all, and chiefly, by guiding 
himself by reasonings based on the most .accurate 
and extensive knowledge. So too, indeed, every 
so-called practical man who is not a mere adventurer 
— a happy-go-lucky tempter of Fortune — makes 
use of accurate knoT^edge to aid him in his com- 
mercial ventures and speculations ; so far as he can 
get it, he makes use of science, though he often calls 
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it by some other name as soon as it becomes useful 
knowledge. 

The fact is, that ^ large part of the indifference to 
science in this country, and the notion that science is 
dreamy, v&gue, untrustworthy and useless to practical 
men, has arisen ^om the fact that these worthy 
practical men have very often allowed themselves to 
be imposed upoti by mere quacks and pretenders, who 
assume the language and authority of science without 
any credentials whatever, and lead the practical men 
astray. Such quackery in science has been by no 
means unusual in this country, owing to the almost 
complete destitution of the wealthy classes in respect 
of scientific education. Practical men have, as a rule, 
not oven a smattering of scientific training, and cannot 
distinguish true from false science, cannot tell which 
is the quack and which the man of real knowledge. 
Equally unfortunate in this respect, in former times, 
have been the members of the executive and delibera- 
tive branches of our successive governments, so that — 
in days which we may hope are past — ignorant pre- 
tenders to scientific knowledge have been, in good 
faith, plaoed in responsible positions, and have helped 
to justify the notion that modern science is a wind- 
bag of tj^eories, and of little use to the practical man. 

Such causes — namely, a general mistrust of so-called 
seience, and to a small extent a jiainful experience in 
especial connection with fisheries, of the results of 
placing confidence in quacks who have falsely pretended 
to scientific knowledge^ — seem'to me to be accountable 
for the fact that in the British Islands, neither publicly 
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nor privately, has there been any attempt to make 
use of the services of scientific men in relation to our 
fisheries. The recent appointment of the distinguished 
naturalist who is at present Ifispector of Salmon 
Fisheries,^ is evidence of a new disposition to seek the 
aid of the highest authorities in science in connection 
with this subject; but it must be remembered that 
salmon fisheries form but a very small - part of British 
fisheries in their entirety, and that a large staff" of ex- 
perienced naturalists would be required to deal satis- 
factorily, within a reasonable time, with the many 
important problems presented by the British Sea 
Fisheries. 

The Governments of some foreign States, notably 
of France, but also on a smaller scale of Norway and 
Sweden, Holland, Prussia, Saxony, and in a special, 
and in many respects very noteworthy, manner, that 
of the United States of America, have concerned them- 
selves to obtain the aid of zoologists in developing and 
managing the resources of the fish industries of their 
respective territories. The results of the application 
of accurate knowledge concerning fishes, and such 
shell-fish as oysters, mussels, pearl-mussele, lobsters 
and cray-fishes, have been in some cases strikingly 
successful ; in other cases time has yet to sl\ow what 
advantages may result from the attempts which have 
been made. In all these countries, however, one very 
distinct result of the appreciation of the possible value 
of scientific knowledg^of 

1 Professor Huxley who, however, was not succeeded on his retire- 
ment by a scientific man. 


fishes and shell-fish by the 
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State authorities has been this, namely, that zoologists 
are occupying themselves independently, and with 
increasing earnestne^, with the investigation of all 
that relates to the Hfe and growth, the food and the 
enemies, of the marine and freshwater organisms which 
form the»material basis of fisheries. 

In the present Exhibition, accordingly, we see not 
a few of these scientific results exhiliited in the courts 
assigned to foreign oxhibitors ; whilst, on the other 
hand, in the British department there is very little 
which comes under the head of zoological science at 
all, that is to say, which illustrates the results of exact 
inq^uiry into the natural history of the fishes and other 
animals which are such an immense source of wealth 
and industry to our seafaring 2 >opulation. 

Before proceeding to enumerate and describe tliese 
scientific collections, 1 should wish briefly to exj)laiu 
in what ways it seems j>robable tliat the accurate 
knowledge with regard to fishes which is now being 
accumulated by zoologists may hereafter be useful in 
the regulation and management of fisheries. 

In any given area of land or water, under natural 
conditionfi, where animals can obtain nourishment, 
there is found living (taking one year with another) 
fully a^ much animal life as can there nourish and 
reproduce itself. Practically the whole of the earth’s 
surface and of the sea is fully taken up by jilants and 
animals. Many thousands more of most kinds are 
annually born than can possib^ survive to maturity. 
The number of each k'ind of condi- 

tions does not increase ; but then 
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maintained, so that, with local exceptions here and 
there, those that survive to maturity in the struggle 
for existence merely replace those which have gone 
before. Many thousands of young perish, serving as 
nourishment for other lower and higher organisms, 
whilst the total number of mature organisms remains 
the same. 

Take as an example the microcosm constituted by 

a pond in which carp are cultivated, as in Germany, 

where these fish are valued as food.^ Such a pond is 

allowed to remain dry every fourth year, when it is 

cleansed and puddled. Water is then allowed to run 

in, and a given number of one-year-old carp arc placed 

in it. After three years these are taken out and sold 

as food. In one such pond 30,000 young carp have 

been observed constantly to yield at the end of three 

years 20,000 kilogrammes of marketable carp ; when 

more than 30,000 young carp have been placed in the 

pond, no gi’cater yield luis resulted, 20,000 kilos. 

weight of carp-flesh is the result of that pond’s activity 

after three years. The food of the carp consists of 

delicate vegetable growths, of insects, and other minute 

aquatic animals. These hatch from eggs ajid spores 

introduced with the water into the pond, and the pond 

will only carry such an amount of this food as will in 

three seasons produce 20,000 kilos, of carp-flesh. It 

is further found necessary to keep with these carp in 

the same pond a few pike, which prey upon the carp 

to a certain extent. The carp-culturists know how 

many pike to introdu^. A few act beneficially in 
% * 

^ I borrow this illustration from Professor Mobius of Kiel. 
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destroying the smaller and more sickly individuals of 
the carp-stock, and so prevent valuable vegetable and 
insect-food from beiri^ consumed by individuals who 
would either not sumvc for the three years, or would 
show no gfowth proportionate to their consumption of 
food. On the other hand, too large a number of pike 
would reduce the total weight of carp, and leave much 
of the minute food in the pond unconsumed, whilst a 
large portion of it would have been converted into 
pike-flesh instead of remaining as carp. 

In the limited area of the carp-pond there are a 
great number of processes going on, which contribute 
to the ultimate production of the 20,000 kilos, of carp- 
flesh. The minute vegetable orgfinisms are continually 
feeding on the carbonic acid absorbed by the water 
from the atmosphere, and on the nitrogen partly ex- 
isting originally as nitrates and ammonia therein, 
partly returned to tlie water by the excretion and 
decay of its animal inhabitants. Minute worms and 
Crustacea are feeding on these plants, and other larger 
insects are feeding on these ; finally, the carp nourish 
themselves on all these living things, and arc to some 
extent prayed upon by the pike. Definite physical 
conditions, such as the presence or absence of a stream 
in the pjnd, the extreme heat and cold of summer and 
winter, and the presence of saline constituents in the 
water, determine the excess or the absence of one or 
another of the lower forms. If only one of these con- 
ditions be varied, the whole balance may be upset. 
An excessive growth of som6 Minute plant, such as 
an Oscillatoria, favoured by heat or by the destruction 
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of some other organism, may lead to the destruction 
of the proper food of the carp, and the yield of the 
pond may be endangered. The ^hole of these circum- 
stances can, in the case of the airp-pond, be studied 
and controlled. 

If we now pass to the consideration of sny given 
area of the sea-bottoin, we find that, though the area 
is not definitely limited, the same interaction of the 
various organisms inhabiting it holds good. One 
form is preying upon another, and determining by its 
presence the numbers and the interaction of all the 
others. Physical conditions which aftect one form, 
may in the same way, as in the carp-pond, affect the 
prosperity and abundance of another form. Currents, 
varying seasons, and such-like conditions, must obvi- 
ously produce their effect. Put still more inffuential 
must be the operations of man in removing a large 
number of edible fish from such an area. It is a mis- 
take to suppose that the whole ocean is practically 
one vast storehouse, and that the place of the fish 
removed on a particular fishing-ground is immediately 
taken by some of the grand total of fish, which are so 
numerous in comparison with man’s depredations as 
to make his operations in this respect insignificant. 
Even were it proved that there is this sort of cosmo- 
politan solidarity about such fish as the Cod, which 
live in deep water, there is, on the contrary, evidence 
that shoal fish, like Herrings, Mackerel, and Pilchard, 
and ground-fish, such as Soles and other fiat-fishes, 
are really localised. It'man removes a large propor- 
tion of these fish from the areas which they inhabit 
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the natural balance is upset, and chiefly in so far as 
the production of young fish is concerned. It is true 
that several thousand young are produced by each 
pair of fish left in the breeding area, and it might be 
argued thfrt since, in the absence of man, only two 
out of the many thousand born of each pair of fish 
come to maturity and breed again in their turn, the 
only result of man’s depredations (in addition to the 
depredations of other, enemies) is to make way for 
more of the young, and to enable more than two of 
the many thousands born of each pair in a preceding 
generation to survive and breed in their turn. This 
argument is at once seen to be fallacious when we 
remember that the thousands of apparently superflu- 
ous young produced by fishes are not really su2>ei*fluous, 
but have a perfectly definite place in the complex 
interaction of the living beings within their area. 
These very young fish serve as food to other forms, 
Avhich in their turn are fed upon by others, and are so 
interwoven with the necessities and conditions of life 
of other inhabitants of the area, that to remove, say 
something like a fifth or even a tenth of them by 
removing ^he parent fish, must cause a serious dis- 
tui'bance in the vital balance of that ai’ea. When 
the fisherman removes a large proportion of soles 
from a given area, and so reduces the number of 
young soles born in the same season in that area, he 
does not simultaneously destroy tlie natural enemies 
of the young soles : consequently very nearly the 
same number of young soles tife destroyed by such 
natural enemies as were so destroyed before man inter- 
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fered, although very many less young soles are pro- 
duced. It is thus quite clear that there is in reality 
no reserve stock of young to take the place of the 
adults removed by the special interference of man. 
The increasing scarcity of the sole is a sbrious fact, 
and is thus to be exidaiued. 

From this point of view it is clearly important, if 
we wish to keep up the number of food-fishes in an 
area which is fished by maiij or to increase that 
number, that we should (l) either know what are the 
natural enemies of the food-fish in question at various 
stages of its growth, and seek to destroy those enemies 
in proportion as we remove the adult fish; (2) or, 
again, that we should isolate and protect the young 
fish from these natural enemies for a part of their 
lives ; (3) or, lastly, that we should, in proportion as 
we remove breeding fish from the area, artificially 
introduce into that area eggs, or young fish hatched 
under supervision, so as to supjfiy the deficit created 
by the fishery of egg-producing adults. 

Any of these operations requires very considerable 
and most accurate zoological knowledge, and it would 
be madness to attempt to carry any of them out by 
proceeding upon hasty guesses or suppositions as to 
the habits and life-history of the animals concerned. 

There is also no doubt that certain modes of fish- 
ing and seasons of fishing may be more destructive, 
more disturbing to the balance of life in a given area, 
than other modes and other seasons of 
food of the fish whick" are ‘valued may be destroyed 
by some of man’s operations, their enemies may be 
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unrnttingly encomaged hy otTaers. Legislation is 
continually demanded, and has been from time to 
time carried out, in reference to such matters as modes 
and seasons of fishing and pollution of waters. But 
it is undeniably true that, in most cases, the accurate 
knowledge as to the life-history and circumstances of 
fishes is too small to justify legislative interference. 
No doubt zoologists have suggested some valuable 
restrictions which havja been adopted by the Legisla- 
ture in regard to some fisheries, and it is to Linnaeus, 
the great Swedish zoologist of the last century, that 
Sweden owes important fishery laws. But if we are 
to have effective legislation at the present day in 
regard to our sea fisheries — we must, before proceed- 
ing any farther, have more knowledge. Those (and 
there are many) who earnestly desire additional restric- 
tive Fishery Laws should do their utmost to enable 
zoologists to carry on researches which will provide 
that accurate knowledge of fishes and shell-fish, their 
food-reproduction and conditions of life— which must be 
obtained before legislation can reasonably bo proposed. 

The only mode of deciding between the conflict- 
ing opinions which have so often been expressed 
during this Congress, as to the necessity of this or 
that legislative enactment, is by bringing new know- 
ledge to t)ear upon the questions at issue. That new 
knowledge is nothing more nor less than a part of 
Zoological Science, and can only be obtained through 
the exertions of those who are already acquainted 
with the actual condition of tha/ science, and with its 
methods of minute and thorough investigation. 
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It is apparent, then, that the results of zoological 
science, as they may possibly affect fisheries, must 
even at the present moment bo very considerable. 
We may classify them as follows; — 

I. The discrimination and classification of the 
. different kinds of plants and animals, including the 

fishes themselves which inhabit the various fresh and 
sea waters where fisheries are carried on. This is 
what is known as the study o|' Systematic Zoology, 
and of the fauna and flora of districts. 

II. The knowledge of the successive phases of 
development or growth from the egg, and of the 
internal anatomy and mechanism of life of the chief 
forms of such animals and plants. This constitutes 
what is known as General Morphology and Physi- 
ology. 

III. A specially detailed knowledge of the life- 
history of those species of fishes, molluscs, and Crust- 
acea, which arc valuable to man and arc the subject 
of fisheries ; a knowledge of their migrations, suscepti- 
bility to external influences, of their food and its 
history in detail ; of their enemies, in the shape of 
other fishes, birds, whales, seals, and insects, etc., 

t} 

which j^rey upon them and their young ; a knowledge 
of their parasites, injurious or harmless, and of their 
diseases. Such knowledge may be termed the Special 
Biology of Economic Fishes. 

IV. A knowledge of those particular features in 
the life-history of an economic fish or mollusc, which 
directly concern the Tf'ork of the fisherman or the fish 
culturist; a knowledge of the effects produced by 
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particular fishing operations, as shown by statistics, 
or o!f the effects produced by particular methods of 
preservation and culrture : further, a special know- 
ledge of those part* or qualities in economic fishes or 
molluscs \^hich are of commercial value, and a know- 
ledge of methods of* improving or securing those parts 
or qualities. Tliis group of topics constitutes what 
may be called Pisciculture. 

Coming under Ijic fii-st head — of Systematic 
Zoology — there are some valuable collections in the 
present Exhibition, but on account of the large space 
which they would occupy Avert' they complete, such 
collections tire, on the Avholc, rather samples of larger 
collections than attempts jit conqtlete illustration of 
the marine or fresh-Avater inhabitants of ;i district. 
Thus, Dr. Dohrn of Xtqtles has sent a series of about 
400 bottles containing s])eeimens in a marvellous 
state of preserA'ation, accurately n.imed, of the fishes, 
Crustacea, molluscs, annelids, star-fishes, corals and 
jelly-fish of the Bay of Naples. Mr. Oscar Dickson 
sends also a very beautiful collection of named speci- 
mens from the Oothenburg Museum, illustrating the 
fauna of i:hc neighbouring sea. Professor Lilljeborg 
exhibits in the SAvedish department a very large 
scientifically named collection of the Crustacea AA’hich 
form the fo(Hl of many fishes in the great fresh-Avater 
lakes of Northern Europe. He has especially occu- 
pied himself with the study of these organisms, and 
has discovered many ncAV species ; it is worthy of 
remark that English naturaliifts only two years ago 
became alive to the fact that the same fresh-water 
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Crustacea exist in the Eusjlish and Scotch lakes. It 
is quite possible that a proper knowledge of these 
Crustacea may at some future ‘day be of value in 
attempts to cultivate fish in Brttish lakes. Marine 
birds and mammals are exhibited in various parts of 
the Exhibition. Dr. Francis Day exhibits 4iis great 
collection of Indian Fishes — preserved in spirits, and 
accompanied by the coloured plates of his great book 
on Indian Ichthyology : he also exhibits a collection 
of British fishes carefully preserved and named. The 
American department is remarkable for the carefully 
coloured series of casts, representing difierent species 
of the American food-fishes, and for samples of the 
animals of lower classes obtained from considerable 
depths off the American coast. Complete collections 
of the edible Crustacea and mollusea of the United 
States, and of the commc'rcial sponges of the coast of 
Florida, are also exhibited. 

Under the second head — viz. General jMorphology 
and Physiology — there is very little to be noted in 
the Exhibition. In fact, when we have mentioned 
the series cxhibitini^ the <rrowth of the salmon from 
the egg onwards, exhibited by Profi'ssor APlntosh of 
St. Andrews, and the s(‘ries of flat fishes of various 
ages in Mr. Oscar Dickson’s collection — there is notliing 
except the valuable drawings of the anatomy of the 
oyster, and of its development from the egg, ex- 
hibited by the Netherlands Society of Zoologists. 
Under the auspices of^ this Society, which possesses a 
movable house fitted aVa zoological laboratory, which 
can be erected for temporary use on any part of the 
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Dutch coast — two Dutch naturalists, Dr. Hoek and 
Dr. Horst, have within the past two years made some 
careful studies of the* oyster which have very greatly 
added to our knowledge of that important mollusc, 
and may eventual^ be of service to the oyster- 
culturist. * The results obtained by these observers 
are shown by large coloured drawings exhibited in the 
Netherlands department. 

Some results of zbological science coming under 
the third head, viz. Special Biology of Economic 
Fishes, are to be found scattered here and there in the 
Exhibition. Collections of insects injurious to fresh- 
water fish or to their eggs and young, are exhibited 
in the Swedish Court, also, in a small way, in the 
American Court. A few parasites of fishes are ex- 
hibited by Dr. Cobbold, in the Eastern Arcade, and a 
remarkable series of the crustacean jjarasites, or fish- 
lice, of the fishes of '^ITieste is shown by Dr. Antonio 
Valli in the Austro-Hungarian section. Fish diseases 
are represented by stuffed specimens of salmon, with 
cotton wool attached, indicating the position of the 
growths of Saprolegnia which cause the malady 
known as the ‘ salmon-disease.’ 

The fourth section into wdiich we have divided 
the result^ of zoological science, as seen in the Exhi- 
bition — namely, that of the various developments of 
Pisciculture — ^is richly represented by the exhibits of 
English oyster- culturists and salmon fixrmcrs; but 
in the most interesting^ way in the American depart- 
ment, where the devices made ^ use of for hatching 
the eggs of sea-fish are shown. I need hardly say 
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that the artificial hatching of the eggs of sea-fish is a 
novelty, and distinctly a result of the application of 
scientific knowledge. Since the culture of marine and 
of fresh- water fishes has formed t'ne subjects of special 
papers at this Congress, I will, not venture to say 
anything further about it here beyond claiming it as a 
scientific result. 

There appears to be no exhibit in the building 
relating to the Pearl fisheries, bither marine or fresh- 
water ; in relation to these we should anticipate that 
the application of scientific knowledge might yield 
some very definite results (in the way of pearl- 
production). 

Sponge fisheries are represented by collections of 
sponges from Florida, from the Bahamas, and from the 
Greek Islands. In the collection from Florida is a 
specimen having a considerable scientific interest. 
It represents an attempt at sponge -culture. Some 
years since in the Adriatic — under the Austrian 
Government — Professor Oscar Schmidt made some 
experiments on the propagation of sponges by cut- 
tings. It was found possible to cut a live sponge 
into pieces, and affix these pieces each to a separate 
slate by thread, when each piece would attach itself 
to its slate and continue to grow. In .this way 
sponges can be transported from one area to another 
— but the total weight of sponge is not increased, for 
the pieces of the divided sponge only produce the 
same amount of new sponge ^ they would have done 
had they never been separated from one another. 

It appears that sponge-cutting is being attempted 
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on the Florida coast, and in the American Court are 
two sticks with sponge-cuttings growing upon them, 
which have been artificially placed there. I am not 
aware as to wheth^ any valuable result has been 
obtained by thus cutting the sponges; but it is 
certain that they •might be thus introduced into 
artificial basins, and grown there, were the general 
conditions in such basins favourable. 

Coral fishery is represented by an exhibit from 
Naples, and by three pieces of valuable red coral 
from Japan which have been purchased for com- 
mercial purposes at a high price. The eminent 
French zoologist, Lacaze Duthiers, under the direc- 
tion of the French Government, made a very thorough 
study of red coral, and obtained scientific results of 
great importance, fitted to assist the coral fishermen 
in the regulation of their fisheries and the culture of 
coral ; but these results are not in any way illus- 
trated in the present Exhibition. 

On the whole, it appears when one attempts to 
enumerate the results of zoological science in relation 
to fisheries — illustrated in the present Exhibition — 
that there are but few results which are so illustrated 
— in fact not nearly so many as one might have ex- 
pected. But, on reflection, it will appear that it is 
difficult* to show, in the form of a tangible exhibit, 
many of these results. They are for the most part to 
be found in books, and in the memoirs and illustrative 
drawings published by scientific societies. Microscopic 
preparations, showing leveyy df/ail of the growth from 
the egg — of the oyster, the mussel, the lobster, the 
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sole, the cod, and salmon, are hardly to be looked for. 
Really complete zoological collections would be too 
cumbrous for transport and exposure in such an Ex- 
hibition. But above all it is true that many of the 
most important scientific conclusions affecting the 
interests of fisheries are not capable of exhibition. 
The instruments with which the investigations are 
made, and in some cases the animals which have been 
the subject of investigation, may be exhibited, but 
the scientific result can often only be “ exhibited ” in 
so far as it affects the procedure of fish-catchers, fish- 
breeders, or fish-culturists. 

I think that it has been made very apparent, not 
only by the class of objects exhibited by foreign con- 
tributors to this Exhibition, but also by the original 
papers and the discussions which the Conferences con- 
nected with the Exhibition have produced, that there 
is nothing which is so much needed in connection 
with all kinds of fisheries, river or sea, shell-fish, true 
fish, coral or sponge — as more knowledge, more 
science — in fact, more zoology; and not only that, 
but that there is nothing which is more desired and 
recognised as needful by all those who are best in- 
formed in their own particular branches of fishery. 

Improved machines for catching fish, new legisla- 
tive restrictions. State aid to fisher-folk — all such 
desiderata are, I believe, admitted to be less urgently 
needed, less likely to prevent our various fisheries 
from deteriorating or disappearing altogether, than 
the one desideratum — opore ^.cctirate knowledge. 

It is admitted on all sides that many British 
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fisheries are suffering, or are in a precarious state — 
others are actually destroyed. It is also admitted 
that our only chance of bettering this state of things 
is an increase of scientific or accurate knowledge. 

If this is the case, there will be one grand scientific 
result of .the Interitational Fisheries Exhibition, and 
that will be an increased attention to, and adequate 
provision for, t^e carrying on of zoological studies in 
relation to fishery-anijnals. 

I can picture to myself the shape which this 
scientific result might take, and I should be very glad 
were it to commend itself to the many influential men 
connected with fisheries who have organised this 
Exhibition, and will have the direction of its final 
outcome. 

If it is demanded that more accurate knowledge 
of fishery-animals shall be provided for the public use, 
then arrangements must be made to enable skilled 
zoologists to carry on the investigations required. 
To make such investigations, continuous residence for 
weeks or months at a time, by the sea-shore, is neces- 
sary. In France, Holland, Italy and the United 
States, sea-side laboratories have been constructed, 
which are provided with working-tables, glass appar- 
atus, aquariums, etc., and a staff of attendants and 
fishermen — to which naturalists can resort who desire 
to carry on investigations upon the life -history of 
marine organisms. Very valuable researches have 
been made through the agency of these institutions, 
and there can be no question a^'to the facilities which 
they afford, and the inducement which their existence 
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offers, to naturalists for occupying themselves with 
these particular studies. 

By offering free accommodation in such a labora- 
tory to competent investigators* you may obtain a 
large amount of valuable results at a minimum of 
expenditure. In any such laboratory there would 
probably be one or two permanent officials who would 
be competent zoologists, charged with .special subjects 
of investigation and receiving sarnies — but in addition 
to these, the laboratory would throw open its resources 
to voluntary workers (as do the foreign laboratories of 
which I have spoken), and thus the working power and 
the general interest of the scientific world in these 
institutions and their Avork would be enormously 
increased. 

I can imagine a National Fisheries Society or 
Association, such as may come into existence in con- 
nection with this Exhibition, building such a laboratory 
for the study of marine zoology in relation to fisheries, 
somewhere on the coast not too distant from London. 
Such a laboratory Avould stand near the shore, possess 
its own jetty and small harbour, with steam-launch 
for dredging and trawling, and other boats. ^ Adjacent 
to it would be marine ponds for experiments in the 
culture of oysters, mussels, and whelks, and of various 

I? 

fish. The director of the laboratory and his assistant 
would be provided with houses forming part of the 
laboratory building. The basement of the laboratory 
would consist of large wcU-paved rooms fitted with 
tanks, and an apparatHS for the circulation of sea- 
water. Here animals would be kept for observation, 
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and the produce of a day’s dredging or trawling would 
here be sifted and sorted. On the ground-floor and 
first-floor would be spacious rooms, with large windows 
giving both north and south lights, and fitted with 
tables suited to the requirements of the microscopist. 
Small aquariums ahd pumping apparatus would also 
be provided in these rooms. Accommodation for ten 
workers, in addition to the director and his assistant, 
would thus be provid/id. In another room a complete 
zoological and piscicultural library would be estab- 
lished, and the means for writing and making drawings 
would be provided. 

The naturalists permanently and temporarily 
working here would in the course of a few years pro- 
vide us with much-needed knowledge. For instance, 
some would study the reproduction of the sole, and 
devise means for increasing its numbers in the market ; 
others would ascertain how best to deal with oysters ; 
others would find out the whole history of the mussel. 
Bit by bit a new and thorough knowledge of fishery- 
animals would be built up, and come into use as the 
basis of new legislative enactments, and of new 
methods of capture and culture. 

Such an institution would no doubt be costly. A 
valuable laboratory of the kind might be set going 
and carried on for a smaller sum ; but a really credit- 
able and eflficient laboratory of the kind, with a first- 
rate man of science for its director, would cost £15,000 
or £20,000 to establish, and some £3000 a year to 
maintain. * . • / 

These figures and the whole suggestion may 



218 


THE SCIENTIFIC RESULTS OP 


V 


appear extravagant to some persons who are not 
aware of what has been done elsewhere. 

The “Zoological Station” of .Naples, founded and 
directed by Dr. Anton Dohrn, i^ no less costly and 
efficient an institution than that which I have briefly 
sketched. Elsewhere, at Trieste,* at- Concarneau, at 
Eoscoff, at Beaufort in North Carolina, less costly in- 
stitutions have been set going, which are doing most 
valuable work. 

The British coast is entirely destitute of any such 
home of research. No zoologists are employed by the 
Government or other authorities in this country to 
investigate our fishery-animals : those zoologists who 
do carry on such work on the coasts of this country, 
do so at their own expense. There is not even a 
laboratory, a boat or a dredging apparatus, provided 
by any public body to assist them. Naturally enough 
their work has not been hitherto specially directed to 
problems connected with fisheries ; but it is only 
needful to offer to tlie many isolated investigators the 
use of a good laboratory and a well-considered organi- 
sation, in order to obtain through their co-operation 
the new knowledge which is so urgently needed. 

I cannot but think that it will be a matter for 
profound congratulation to those who have brought 
this Exhibition into existence, to the Legislature, to 
men of science and to those concerned in fisheries, 
should we be able in future to point to a " National 
Laboratory of Marine Zoology ” as the Scientific 
Result of the London ]\itern§tticfnal Fisheries Exhibi- 
tion. 
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APPENDIX 

The hoped-for “ scientific result of the Fisheries Ex- 
hibition ” sketched at the end of the lecture given by 
me in 1883 has become a reality. At the close of 
the Exhibition I obtained the signatures of a number 
of leading naturalists and others interested in fishery 
questions to a memorial to the Executive Council of 
the Exhibition, asking that a portion of the surplus 
receipts of the Exhibition might be devoted to the 
foundation of a laboratory for the production of new 
knowledge with regard to food-fishes. The surplus 
was, however, applied to other purposes, and the 
chances of stasting such a laboratory seemed small, 
when Dr. Gunther of the British Museum suggested 
to me the formation of an association having for its 
object the foundation and maintenance of one or 
more such laboratories. Some of the officers and 
Council of the Eoyal Society warmly supported this 
suggestion, and kindly gave the use of the rooms of 
the Society in March 1884 for a meeting at which 
Professor Huxley presided. This meeting was at- 
tended not' only by scientific biologists, but by repre- 
sentatives of the Fishmongers’ Company, and by all the 
members of the Eoyal Commission on Trawling, at 
that time engaged iif in,quiri§*s into the fishing in- 
dustry. It was agreed to establish the Marine 
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Biological Association of the United Kingdom, of 
which Professor Huxley became president, and H.R.H. 
the Prince of Wales patron. About 300 members 
joined the Association, and subscriptions were invited 
for the purpose of erecting a laboratory. After due 
inquiry Plymouth Sound was agreed upon as the 
locality for the first laboratory, and a site was placed 
at the disposal of the Association by, the authorities 
of the War Office. Donations of £500 and upwards 
were received from the Fishmongers’ Company 
(£2000), the Clothworkers’ Company, the University 
of Oxford, the University of Cambridge, the British 
Association for the Advancement of Science, Mr. 
Robert Bayly, and Mr. John Bayly of Plymouth. 
Sums varying from £100 to £300 were subscribed 
by the Drapers, Mercers, Goldsmiths, and Grocers’ 
Companies, by the Corporation of London, and by the 
Royal, the Zoological, and the Royal Microscopical 
Societies, as weU as by a number of gentlemen 
interested in the enterprise, either as naturalists or as 
philanthropists. Finally Parliament, on the recom- 
mendation of the Treasury, voted a sum of £5000 
in aid of the building and fitting of the laboratory, 
and a sum of £500 a year for five years towards 
defraying the annual cost of management and re- 
search. The laboratory, which is represented in the 
vignette, stands in front of King Charles’s Curtain on 
the Citadel Hill, overlooking Plymouth Sound. It 
was completed and opened for work in June 1888. 
The building and fittings, including aquariums, 
pumps, and steam-engines, have cost about £12,000. 
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It is at present carried on at an annual expenditure 
of about £1250. Its staff includes Mr. Gilbert 
Bourne, M.A. Oxon.*, director; Mr. Garstang, B.A. 
Oxon., assistant; add Mr. Cunningham, M.A. Oxon., 
naturalist. It possesses a fine library, a steam launch, 
a yawl, 'and a row-boat, and employs a fisherman, 
engineer, laboratory servant, and other hands. A 
large number Of naturalists have availed themselves 



PLYMOUTH LABORATORY 


of the facilities aftbrded by the laboratory, which 
contains simple accommodation for fourteen workers, 
each occupying a private work-table, screened off from 
neighbouring tables, and fitted with fresh and salt 
water, gaSj chemical reagents, etc. The Association 
has published four numbers of a journal containing 
reports of the work done at Plymouth, as well as the 
official reports of the Council. ^ The Council meets in 
London once a month ta sup’etintend the finances of 
the Association, and direct in a general way the work 
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carried on at Plymouth. From the foundation of the 
Association I have had the pleasure of acting as its 
honorary secretary, in co-operation with a Council 
consisting chiefly of scientific naturalists, who have 
given time and trouble freely for the purpose of 
establishing the Plymouth Laboratory as a national 
institution. Already the Association has been the 
means of adding important facts to oilr knowledge of 
that most valuable food-fish the 6ommon sole — a large 
and richly-illustrated volume by the naturalist speci- 
ally employed for these researches — Mr. Cunningham 
— being at this moment in the press. The anchovy, 
the pilchard, the lobster, and the oyster are each 
receiving special attention, which will in due time lead 
to practical results. Besides these, a large number of 
researches on purely scientific questions, such as the 
electric organs of skates, the anatomy of Crustacea, the 
structure of new and rare minute organisms taken in 
the tow-net or in the pools at low tide, have been 
carried on by naturalists who have come to Plymouth 
for the purpose of profiting during a month or 
two by the facilities offered in the laboratory of the 
Association. «■ 

The task which now lies before those who have 
founded this institution is by no means a light one. 
It has to be carried on from year to year,, and funds 
have to be obtained for this purpose. Those who 
may be interested in the publications of the Associa- 
tion, or desire further iijfonnatiop concerning it, should 
apply by letter to thd Director of the Laboratory, 
Citadel Hill, Plymouth. 
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CENTENARIANISM 

The somewhat unwieldy word standing at the head 
of this page is coined in order to take the place of 
that much-abused term “ longevity,” which is often 
made to do duty in a restricted sense, to its detri- 
ment. Longevity simply means “ length of life ” ; 
and it can serve no good purpose to limit its applica- 
tion to those cases of length of life which are beyond 
the normal period among men : it is required for. 
more general use ; and hence we may, with advantage, 
speak of old people who reach or exceed one hundred 
years of age as examples of centenarianism, instead of 
calling them examples of longevity. Every now and 
then, with more frequency and regularity than is pre- 
sented by perhaps any other periodic topic, centen- 
arianism excites the public interest. Another case is 
announced of an individual having exceeded one 
hundred years of age : paragraphs go the ‘round of 
the newspapers, the medical journals report on the 
case, Sir Gfeorge Cornewall Lewis is declared to be 
refuted, and the subject drops. It is a little strange 
at first sight, this interest which is manifested in 
monstrosities of life-duration. . The men and women 
who have so far distinguished themselves among their 

Q 
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fellow-creatures as to exceed greatly the average 
height, have never attracted so much attention as have 
the long-livers ; and yet it is probably as rare for a 
man to exceed eight feet in height as to live beyond 
the hundredth year, — indeed, we believe much rarer. 
No one asks the details of the fife -of an eight-foot 
giant — how much pudding he took as a boy in order 
to attain his astounding dimensions — apparently 
because nobody believes that any administration of 
pudding or its correlatives would make a boy, who 
was going to he five foot four, into a man of larger 
size. Possibly, moreover, not very many persons are 
greatly anxious to attain large dimensions. It is not 
so, however, with long-livers : even to-day all classes 
of society take an interest, which is sometimes pro- 
found, in the details of life of a long-liver; they 
would fain imitate the centenarian, and by copying 
his mode of living inherit his years. Even where 
there is no intention of pursuing a system of diet and 
manner of life, people- seem to like to know how they 
could, if they chose, lengthen their years. There is 
a relic of the old times, of the search for the elixir 
vita, in this kind of thing : that great enthusiasm of 
past days, which served an important part in opening 
for us the door of science, is still alive. Clearly the 
people who take more interest in the lesson to be 
learned from the diary of a centenarian than from 
the report of a Eegistrar-General or a medical ofl&cer 
of health, are yet mediaeval in their views of life and 
death. The real fach seems to be that the man who 
exceeds one hundred years of life has no more to 
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teach us than the . man who exceeds eight feet in 
height : both ^ are monstrosities, and attain their 
special distinction by*no particular behaviour on their 
part. A certain ambunt of care will produce its due 
effect on the longevity of any individual ; but there 
is a set limit beyond which it cannot be extended. 
In some individuals this limit is at a greater distance 
than it is in the most of mankind, and if they escape 
the accidents of disease and violence they live longer 
than other men; the cases of these men must be 
looked upon as distinctly abnormal ; they are to be 
held as freaks of nature, monsters — giants of age ; 
just as we have converse cases recorded of dwarfs of 
age — human beings who became old after twelve 
years of life, and began to exhibit senile decay at a 
time when ordinary men are still growing children. 

Longevity, as we have elsewhere pointed out,^ is of 
several kinds, which need to be distinguished. There 
is the longevity characteristic of species of plants and 
animals, men included, — that i^ to say, the age which 
each individual of the species born may be expected 
to reach ; this is average specific longevity, and is a 
very low figure indeed as compared with other kinds 
of longevity. For Europeans it does not appear to 
be abo^ forty years. This average longevity is 
brought to. so low a figure by the great amount of 
death in the first years of life. By an excess of 
deaths in early life the average longevity of a species 
or of any given group of individuals might be brought 
down to a year or two, though *the individuals which . 

^ Comparative Longevity in Man and Animals, Macmillan, 1870. 
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did survive might, some of them, enjoy a century of 
life. This brings us to a second kind of longevity 
also characterising species — that which agrees with 
what has been called “ the lease* of life,” and which 
we call potential specific longemty. The age to 
which a creature would attain, supposing it to escape 
all the dangers of youth, the diseases and accidents 
which are lurking about the life -way, and to die 
simply of old age, would represent the “ potential 
longevity” of that kind of plant or animal. Very 
few beings ever manage to exhibit this — certainly 
very few men ; but men are sufficiently anxious about 
the matter, and many have taken so much pains to 
live long, by avoiding all dangers, that we have good 
ground to suppose that the lease of life of the present 
race of men is normally something between seventy 
and one hundred years. Care may enable a man to 
expend very nearly his full lease ; but nothing which 
he can do, no power under heaven, can enable him to 
add a day to that term, any more than by taking 
thought a cubit may be added to his stature. And 
now we see the relations which centenarians hold to 
other men in this matter. They are not persons who 
have taken more care than the less rare but equally 
admirable octogenarians; they have simply been 
hom with a greater potential longevity — a longer 
lease of life — and they have had the good or bad luck 
to remain tenants for very nearly as long as the lease 
was good. It is impossible to guess how many, but 
doubtless thousands * of possible centenarians die 
before they are a year old, and thousands more at all 
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ages : had they managed to pass the one fatal comer 
where they fell, the whole road would have been clear 
for a hundred years. . 

Regarding then,* as we do, centenarians as in- 
stances of ‘extreme or “ abnormal longevity,” of which 
it is worth remarking we have two forms, the abnor- 
mally small ^ and the abnormally great, we can see no 
reason for fixing the limit of the abnormally great at 
one hundred years, ^as Sir George Cornewall Lewis 
was at one time inclined to do', nor even at one 
hundred and three or four, to which limit he was 
afterwards induced to advance. Our a 'priori impres- 
sions are distinctly in favour of a much wider limit, 
reaching perhaps, in the very rarest cases, to the one 
hundred and fifty years attributed to some celebrities, 
such as Old Parr, Henry Jenkins, an^ the Countesses 
of Desmond and Eceleston. Indeed, the great 
German, Halldr, has uttered what is probably the 
truest dictum yet put forward in the matter : “ The 
ultimate limit of human life does not exceed two 
centuries : to fix the exact number of years is exceed- 
ingly difiicult.” 

When, an unusually well-attested case of centen- 
arianism turns up — as, for instance, the recent one of 
Mr , T .li ning , at Morden College, Blackheath, — the 
newspapers and journals always bring in the late Sir 
George Cornewall Lewis, attribute certain opinions to 
him, and demolish them by aid of the new case. 

^ Ati instance was not iQng since recorded in one of the medical 
journals of a child which ceased to gA)W and commenced to exhibit 
signs of senile decay at the age of ten years. 
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Tim is one way of keeping up the interest in the 
specimens of abnormal longevity; but inasmuch as 
several well- attested cases of .persons exceeding a 
hundred years of age were adduced at the time when 
Sir George was interested in this matter,* and were 
actually admitted by him not long before, he died 
as sufficiently conclusive to make him modify the 
opinion he had held, viz. that there was no proof of 
the existence of centenarians, we are fully warranted 
in concluding that the importance attached to such 
cases from this point of view is as delusive as is the 
interest they gain from the supposition that we can 
learn by them how to live long ourselves. What Sir 
George Lewis at one time stated (it was during the 
last few months of his life that he brought his valu- 
able sceptical criticism to bear on the matter) was, 
that he could find no sufficient proof of any man or 
woman having exceeded, or even completed a century 
of life ; and having found so many cases advanced on 
the slenderest and most worthless evidence, he was 
inclined to regard all centenarianism as either delu- 
sion or imposture. In this he reminds us of a remark 
made by Professor Huxley : “ No mistake ^s so com- 
monly made by clever people as that of assuming a 
cause to be bad because the arguments of its sup- 
porters are to a great extent nonsensical.” Sir 
George fell into this error, as he afterwards had to 
acknowledge ; for upon the evidence which the publi- 
cation of his incredulity brought down upon him in 
abundance, he was compelled fo admit that persons 
do reach one hundred years of age, and that some 
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liavd attained even one hundred and three or four, 
though this he considered exceedingly rare and as the 
ultimate term of life.. 

By far the larger number of cases of centenarianism 
which are Reported are not backed up as they should 
be by evidence. • The appetite for the marvellous is 
so keen, that people would rather take the centenarian 
on his own assertion than risk losing him by investi- 
gation. This is the case with a certain Thomas 
Geeran, now receiving parish relief at Brighton, who 
is declared to be one hundred and four years old, and 
states that he entered the British army at thirty years 
of age, and served for more than thirty years. A 
pamphlet has been published concerning this case, in 
which there is not a shred of evidence given in support 
of the man’s statement. No inquiries appear to have 
been made at his reputed birthplace, viz. ScarifiT, county 
Clare, Ireland, "iand an application to the War Office, 
with a view to getting him a pension, has entirely 
failed, in consequence of his name not being discover- 
able in the books. This is the kind of case which we 
must guard against, and others like it, testified only 
by epita^s or village gossips. The next generation 
will not be troubled with this question as we are to- 
day, for the registration of births will, in the course 
of time, furnish all the required evidence on one 
point, whilst the only remaining difficulty, that of 
establishing identity, is daily decreasing with the 
growth of intelligence and the spread of education 
among our peasantry.’ . , 

It is to be hoped, however, that we shall not have 
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to wait 80 long for journalists and enthusiasts to cease 
their triumphant paragraphs, announcing cases in 
which the age of one hundred. or one hundred and 
four years has been attained. “Anything over one 
hundred and nine, in the way of age, woilld be per- 
haps worth mention if accompanied by documentary 
evidence ; but of the mere passing the century limit 
there is enough proof already.' 

We shall here briefly mention five cases of centen- 
arianism, of the thorough trustworthiness of which 
we feel no doubt ; and were it worth while, we fully 
believe that a great many others could be placed on 
an equally sure basis. The trouble and worry of 
doing this kind of thing is, however, not at all invit- 
ing ; and where so little is to be gained either in the 
way of knowledge or amusement, we do not wonder 
that published well-attested cases are fewer than they 
might be. " 

1. William Shuldham was baptized at Beccles, in 

Suffolk, in July 1743. He died in May 1845. His 
baptism is witnessed by the register in the parish 
church of Beccles. On 22d July 1843 he gave a 
dinner at Marlesford Hall, near Wickham l^arket, to 
his friends, to celebrate the completion of his hun- 
dredth year. ^ 

2 . A Quaker gentleman, well known in the mer- 
cantile world at the beginning of this century, died 
not long since in his hundred and second year. Dr. 

^ A great number of case* of centenarianism — good and bad — are 
given by Mr. Tollemache in^an excellent article in the Fortmghtly 
JtevieWf April 1869. 
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Dickinson, of Mayfair, who has been kind enough to 
inform me of this case, has copies of the register both 
of his birth and death, establishing this fact. As Dr. 
Dickinson observes, ‘the Quakers are very precise in 
these matters. 

3. James Hastings, for upwards of sixty years 
rector and impropriator of the living of Hartley in 
Worcestershire, father of Admiral Sir Thomas Hast- 
ings, Sir Charles Hastings, Admiral Hastings, and 
the Eev. Henry Hastings, died in his hundred-and- 
first year.' His grandson, Mr. G. W. Hastings, of 
Barnard’s Green, Malvern, has obliged me with the 
following details. He was born in London, in Soho 
Square, 2d January 1756; and his birth register, of 
which Mr. Hastings has a copy, is at St. Martin’s, 
Trafalgar Square. He was entered as a gentleman 
commoner of Wadham College, Oxford, in 1776. At 
the request of Sir Thomas and Mr. Hastings, the 
warden of Wadham last year looked up the entries in 
the college and university books, and sent a copy of 
an entry, giving the age of James Hastings as twenty 
at matriculation. He was admitted to holy orders by 
the Bishop of Oxford, at St. Mary’s, in November 
1779. As no one can be admitted to the orders of 
the Church of England till the age of twenty-three, 
this again carries him back to 1756 as his birth-year. 
Mr. Hastings has the letters of orders in his posses- 
sion ; they have never left the family, and prove in- 
contestably that James Hastings was twenty-three in 
1779. He was married at/ the parish church of 
Chipping Norton in February 1781, and his age is 
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given in the register as twenty-five. He died in July 
1856, and was buried in the family vault in Hartley 
Church. The Rev. James Hastings stood six feet four 
inches in his stockings, was a strikingly handsome 
man, and had fifteen children. He had but one 
sister, and no brother, whilst his wife' had one brother 
and no sister. His father did not much exceed sixty 
years in age ; and Mr. Hastings informs me from his 
family records, which extend to the time of Henry II, 
that there are no remarkable cases of great age among 
his earlier progenitors. 

4. Captain Lahrbush in March 1870 celebrated in 
New York city his hundred and fourth birthday anni- 
versary. He was born in London, on the 9th of 
March 1766. He entered the British army on the 
17th of October 1789, and documents connected with 
this entry prove his age at that time to have been 
twenty-three years. 

5. Jacob William Luning died recently, at Morden 
College, Blackheath, in his hundred and fourth year. 
Documentary evidence sufficient to satisfy Dr. Farr, 
of the Registrar-General’s Office, has been adduced, 
proving that he was born at Hamelvbrden ^n 1767, 
and similar evidence of the date and the age he gave 
when he was naturalised as a British subject, also 
when he was married, and, what is still more impor- 
tant, when he insured his life — an occasion on which 
men are not likely to add anything to their age. 

As to the means by which to live long, and to 
give ourselves the chaise of .enduring to our hundred 
and tenth year, if we have it in us, or to our eightieth 
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only, if that be the limit of our “ matter of life,” we 
must consult the statistics which are available, and 
not try to draw any .conclusions from these extreme 
cases. What will lengthen and what shorten life, 
however, becomes a question of general longevity, and 
this we did not propose to ourselves to discuss on the 
present occasion. We may, nevertheless, notice that 
everything seems to show that the appliances of 
civilised life, and quiet and regular habits, are the 
chief conditions of long life. Europeans are, it seems, 
longer lived than other men ; and Englishmen than 
French, Germans, Swedes, or Belgians, as far as sta- 
tistics tell us. In Lord Bacon’s time there was a pre- 
judice in favour of the wild Irishmen — “Hiberni 
sylvestres,” as he calls them, who were in the habit 
of smelling the fresh earth and drinking infusions of 
saffron. Statistics and Saxon domination have 
deprived Ireland of this pre-eminence in longevity. 
We also find from statistics, comparing the expecta- 
tion of life at the age of sixty, given by various 
authorities, that in England agricultural labourers of 
that age, belonging to friendly societies, and hence 
sober, well-to-do men, stand first, and may expect to 
live nearly eighteen years longer, whilst confirmed 
drunkards stand last, with only half that chance of 
life. The females of the aristocracy come next to the 
labourers, with sixteen years and a half; the male 
members of the aristocracy next, with only fourteen 
and a half; clerks follow, with twelve and a half; 
men in Liverpool, with J;wel%e ; miners, with eleven 
and three-quarters ; whilst sovereigns of all countries 
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at sixty years of age have an expectation of a little 
less than eleven years of life. Distinguished men 
live a shorter time than less distinguished, on account 
of their harder work; married live longer than un- 
married persons, on account, perhaps, of the measured 
tranquillity of connubial life ; women longer than 
men, because they lead an esisier life ; and the clergy 
longer than other professional men, for the same 
reason. „ 

From these facts it is not difficult to draw the 
lesson of longevity. After all, the prolonging of their 
own lives is not a thing about which men should 
take much thought ; as long as they are careful not 
directly to shorten life, and careful to preserve health, 
longevity and centenarianism may well be left to 
take their own way. The celebrated Italian, Louis 
Cornaro, carefully weighing his egg, and measuring his 
wine for his daily meals, refusing to allow matters of 
a disturbing nature to come under his attention, and 
taking a thousand precautions, all to enable his pitiful 
old frame to vegetate a few years the longer on the 
earth’s face, is not a pleasing figure to contemplate. 
True it is, that he who would save his life shall lose 

c- 

it ; for the existence of such a being as Cornaro is not 
comparable day for day with that of an active man. 
When the element of intensity is taken into considera- 
tion, there is perhaps very much less difierence be- 
tween the quantities lived by various men than would 
appear from the simple record of time. But whilst it 
is not for the men of \o-day. to' cherish the search for 
elixirs of life, nor to desire nor endeavour to become 
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centenarians, there is yet a longevity which they can 
most materially influence — which they can check or 
extend by deliberate < acts most directly, having it in 
their power to add ‘years, hundreds of years, of life 
to the cotnmunity — of active, vigorous life, too, not 
such as the common seeker of longevity would gain ; 
and this longevity it is no less our interest than our 
duty to work for. Men can diminish the mortality 
of populations by attention to simple laws of health, 
and, by increasing the average longevity, give that 
increased happiness and prosperity which security of 
life and health brings. It is in sanitary action that 
the elixir vitae has been discovered in these days, 
which, though it perhaps has not as yet increased the 
roll of centenarians, has no limit to its operations, 
until the time shall have come when man will no 
longer, as Buffbn said, “ die of disappointment,” but 
“ attain everywhere a hundred years.” 




VII 

PAKTHENOGENESIS 

A Review of Von Siebold’s Beitrage zur Parthenogenesis der 
Arthropoden, from Nature^ lOtli October 1872 




PAETHENOGENESIS 

Amidst the all-ab8orJ)ing discussion of the problems 
which have arisen out of the general acceptance among 
biologists of the law of evolution) the phenomenon of 
Parthenogenesis which, previously to Mr. Darwin’s 
work on the Origin of Species, excited the interest 
and called forth the investigations of observers in 
much the same manner as his theory has done of late 
years, has met with a reverse of fortune and fallen 
into a subordinate rank of popularity. The dis- 
tinguished naturalist, however, who fifteen years ago 
gave so stunning a blow to current theories of the 
reproductive process, by demonstrating the occurrence 
in moths and bees of what he designated as “true 
parthenogenesis” — that is to say, the development, 
without impregnation, of an ovum capable of being 
impregna1:ed — ^has not let the subject drop. Professor 
Siebold has made further experimental researches, 
establisSing again, and on a larger basis, his former 
conclusion, ‘and adding at least one new fact of great 
general importance for the understanding of the 
process of sexual reproduction. Although upon its 
first appearance in 1856, the cdhclusion arrived at in 
his Wahre Pa/rthenogenesis was admitted by almost 

B 
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aU competent naturalists to be thoroughly demon* 
strated, and beyond the reach of criticism, yet some 
more and some less eminent biologists have not been 
wanting to deny the Lucina sine fioncuhitu, and have 
raised objections, such as that there is a possibility 
of error in the experiments in reference to the ex- 
clusion of males from the supposed parthenogenetic 
female ; and again, that these so-ealled females were 
not demonstrated “not to be hermaphrodites.” In- 
deed so deeply rooted is the conviction that eggs are 
made to be impregnated by spermatozoa, and that 
they then, and then only, can proceed to develop, 
that Siebold felt it necessary to add to his proofs, 
in order to establish his position that not only do 
unimpregnated eggs develop into perfeet animals, but 
that such an event is by no means an exceptional 
occurrence among certain groups, and has a definitely 
fixed and orderly recurrence amongst them. He 
naturally was also anxious to extend the class-limits 
within which a true parthenogenesis can be said to 
occur, and he desired to inquire into the sex of the 
parthenogenetically-produced offspring in such cases 
as could be critically and decisively studied. Hence 
the renewed researches which have extended over 
several years, the results of which are given in the 
present brochure. 

Von Siebold’s merit in this and his former work 
(but more especially in this) is not the enunciation of 
a new theory, or hypothesis, but the great care, 
ingenuity, and persistbnee which he has displayed in 
investigating cases in which for many years collectors, 
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bee-keepers, and suck naturalists of the limited, or 
“ gardener ” type, had asserted reproduction by means 
of unfertilised eggs fto take place. It must be re- 
membered that he ‘was himself a strong opponent 
in 1850 of the supposition which he has now shown to 
be justified in fact, and that Leuckart in his article 
“ Zeugniss,” in Wagner’s Handworterhuch, and in 
other publications, preceded him as an advocate for 
the existence of true parthenogenesis, endeavouring, 
by microscopical researches, to give a solid observa- 
tional basis to Dzierzon’s hypothesis. It was not 
until 1857 that Siebold published his observations 
on bees, demonstrating what had been previously 
supposed, viz. that the queen-bee exhausts her store 
of received sperm in fertilising eggs which give rise to 
females only, and that then she lays unfertilised eggs, 
which become drones only, whilst the unfertilised 
worker-females ’also lay eggs which give rise to drones : 
and again that in certain moths {Psyche and Solenobia) 
unfertilised ova develop and produce females only. 
Leuckart followed (1858) with his Zuv Kenntniss des 
Generations-weehseh und der Parthenogenesis hei den 
Insekten. , In this work, whilst asserting his claims to 
the merit of first espousing the cause of true par- 
thenogenesis, Leuckart gives an excellent view of the 
general signification of the phenomena, and insists on 
the importance of extended histological observation 
in the examination of alleged cases of parthenogenesis. 
In his present work Siebold canpot be charged with in 
any way neglecting this part ofihis subject, for he has 
given most important and minute descriptions of the 
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generative organs of the two principal cases studied 
{Polistes and Apus), containing new facts. His 
method is however eminently experimental, and 
appears to us a striking contl^adiction of a very 
superficial classification of the sciences,* which is 
favoured sometimes by men of science unacquainted 
with the methods or problems of biology : we mean 
the division into the exact or mathematical, the 
experimental, and the classificatory sciences, in which 
last division the so-called natural history sciences are 
said to find their place. 

The experiments which Siebold made on bees and 
wasps, though performed by a naturalist, are as nicely 
controlled, and as clear in the conclusions which they 
give, as any performed by exact physicists on the 
times or quantities concerned in this or that physical 
process. The style in which details of these investiga- 
tions are communicated is one rare at the present day 
in biological works, where minute description of 
structure, or of the apparatus devised for a physiologi- 
cal research, form the staple. Here we are treated to 
a leisurely narrative of some years of patient work ; 
we share the keen enjoyment of the author as he 
becomes acquainted with the marvellous intelligence 
of his wasps and their various proceedings-j-we feel 
his satisfaction in overcoming the difficulties of pro- 
curing and observing the necessary material, and 
admire the candour and thoroughness with which 
he handles the question before him. 

Before proceeding ,to a short noticp of the contents 
of Von Siebold’s book, it will be well to give a brief 
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statement of the signification which such inquiries as 
his have in the present state of knowledge. Harvey’s 
dictum, “ Omne vivuya ex ovo,” expressed a great law, 
which had to be (Jualified when the researches of 
Trembley and others made known, among Polyps, and 
Worms, •and Protozoa, reproduction by fission. To 
this rapidly succeeded the recognition of a modified 
fission, in which the animal did not divide into equal 
parts, nor exhibit the power of reproduction of the 
whole animal in artificially detached portions of its 
body ; but in which special sprouts or buds were fouqd 
to be prepared and detached spontaneously, becoming 
then developed into perfect animals. This process 
received the name of gemmation, and was stated to 
occur in polyps and also in the plant-lice. Parallels 
for these methods of reproduction in animals were 
readily recognised in plants, in the multiplication 
by seed, by cuttings or shoots, and by separable 
buds. A broad line was drawn between “ buds” and 
“ eggs,” however egg-like the former might appear, in 
the assumption that eggs were special bodies of a 
peculiar structure, destined to be “ fertilised ” by the 
spermatozoa of the male — after which process only 
could they develop. These distinctions, some twenty 
years agp, were the more firmly impressed in the minds 
of biologist^ by the then recently acquired knowledge 
of the process of fertilisation or impregnation. Then 
came the demonstration by Siebold of the capacity for 
development of true eggs, even when not impregnated. 
The sharpness qf the limit between buds and eggs was 
by this at once destroyed ; and the closely following 
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researches of Leydig (antecedent to »^iebold’s work in 
some cases), Huxley, Lubbock, and J <euckart, on the 
structure of the supposed bud^of Aphis and allied 
insects, and of lower crustacean^, proved that these 
bodies were morphologically ova— originating in 
ovaries, and having the essential structure of fertilisable 
ova. For them the term “ pseudova ” was introduced 
by Professor Huxley, since they differ in this respect 
from other ova — that whereas tlie latter can be, and 
are in most cases (though with constant exceptions), 
fertilised, the latter cannot be.' Whilst, then, up to 
this period such a thing as i)arthenogenesis appeared 
to be a strange exception, the question has now shifted, 
and, since the essential identity in reproductive power 
of cuttings, buds, pseudova, and eggs is proved, the 
problem before naturalists is rather “ AVhy are eggs 
ever fertilised ? ” in short, “ What is the use of the 
male sex at all ? ” We have animals and plants mul- 
tiplying by fission, breaking up into two or more parts, 
each of which becomes a new individual; we have 
them giving rise by growth to masses of cells, which 
become detached or remain attached, and develop each 
into a new individual ; and finally, we have them ela- 
borating single large cells, which become detached and 

‘ Leuckart has more recently proposed, in describing the reproduc- 
tion of the Cecidomyia larvnj discovered by Wagner, to limit the term 
“ pseudovum” to such ova as those produced by larv®, or imperfect 
forms ; and not to apply it at aU to the eggs of bees, wasps, etc. (which 
can develop without fertilisation), as was done by Huxley. The falsity 
implied in the prefix seems lo make a rather stronger distinction than 
is desirable between any of these bodies ; for they are all truly ova, 
though ova of various special properties. 
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develop each into a new individual. Why should 
it be that in certain cases these last require fusion 
with another peculiar kind of cell elements before 
they will develop ? 'Some light seemed to be thrown 
on this m£d;ter at first, by the' observation that the 
unfertilised ova of the bee always produce drones, and 
that only the fertilised produce females ; but this indi- 
cation of a possibly clearer insight into the matter is 
entirely upset by the •fact, now fully established in the 
present work, that in some species of insects and crusta- 
ceans the unfertilised ova always, or in an enormously 
large proportion, produce females only ; whilst in the 
Aphides we know that they ultimately produce both 
males and females. Mr. Darwin has suggested the 
most satisfactory theory of fertilisation, in assigning to 
it the object of fusing two life-experiences in the pro- 
geny, which thus gains tendencies and acquires im- 
pulses from a wider area than does an unfertilised 
ovum, and is in so far strengthened. Conjugation of 
two cells, similarly formed but belonging to different 
individuals (as seen in Confervae and Gregarinse) is 
the simplest arrangement for obtaining this end ; the 
only difference between this and sexual reproduction 
is that in the latter process one cell seeks, the other is 
sought; ,and this differentiation into active and passive, 
the wooer and the wooed, commencing in the simplest 
vegetable and animal cells, persists to the highest rank 
of development. Self-impregnation (if it have a real 
physiological existence) and parthenogenesis, have, 
then, to yield, a^ chief inodes of,reproduction, to gamo- 
genesis, or the concurrence of two individuals; and 
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this for one and the same reason. 1 ’<’rhai)s the appai*- 
ently anomalous facts that an animal —or plant, as the 
case may be — develops elabomtewnoti I e zoosperms and 
copulatory organs, merely to fertifise its own egg ; and 
that other animals and plants develop peculiarly con- 
structed large cells, of a kind apparently Specially 
elaborated in the progress of the general evolution of 
life to provide for fertilisation, yet which never are 
fertilised — are only to be explained as cases of persist- 
ent structures with modified function. In the former 
case, Agamogenesis, being sufficient to or necessitated 
by the conditions of life, yet avails itself of the ap- 
paratus inherited from gamogcnetic ancestors ; whilst 
similarly, in the second case (pseudova), Agamogenesis, 
having advantages for the particular case (and not 
being a common phenomenon in the group), instead of 
making its appearance through new organs, avails itself 
of the ovary inherited from gamogenetic progenitors. 
Thus the unsignificant form of an ovum (unsignificant, 
that is, so far as Agamogenesis is concerned) takes 
the place of the more obviously appropriate bud or 
fission-product. The phenomenon of Alternation of 
Generations, usually treated of in connection with 
parthenogenesis, should by experiment on the physical 
conditions accompanying its variations enable us to 
ascertain a great deal more than is at present known 
of what is the signification of the differentiation of 
male and female sexual elements; and it is from further 
study of this and of t^e Parthenogenesis that progress 
in this part of physiology may be expected. 

To return to Siebold’s researches. The greater 
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})art of the book is devoted to an account of the 
parthenogenesis observable in the wasp Polistes. 
Leuckart first recordjid, in his work already mentioned, 
that the workers of wasps, ants, hornets, and humble 
bees lay eggs, which in one case he followed to the 
development of a larva, of which he was not able 
to determine the sex. Siebold determined to study 
a species of Polistes common in and around Munich, 
which he identifies with much care, and after reference 
to specimens and authorities from many lands, as 
Polistes gallica var. diadema Latreille. He gives a 
minute description of the characters of the females and 
males ; the two kinds of the former (queens and 
workers) being only distinguishable by size — the 
workers in all external cliaracters as well as in their 
generative organs being merely smaller queens, and 
fully capable of copulation and impregnation. In the 
beginning of May, in Munich, the Polistes queens 
which were born in the previous summer and impreg- 
nated then, commence each to build a nest. No queen 
who built in the former year survives to build a second 
time, and the young queens never make use of the old 
nests. ,The Polistes arc very particular in choosing a 
warm sunshiny spot, sheltered from wind and rain, 
and a§ such spots are not too common, a new nest is 
often begjin near the weathered remains of an old one. 
Walls and trunks of trees, often at such a height as 
not to be easily reached, are the sites chosen. When 
the queen has constructed fifteen or twenty cells, she 
lays eggs in ^em, and. is very hard- worked in guard- 
ing her nest and in providing food for the larvae as 
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they hatch. She feeds them on eati rpillai’s and other 
soft insects, first removing the uliineutar}' canal (as 
cooks take out the entrails of t^fisli), and carefully 
applying the morsel to the lips of each larva. This 
process takes some time for one “ hand,” ftnd hence 
the first brood is longer in coming to perfection than 
later broods, in the rearing of which the elder progeny 
assist. In the middle of June the first lot make their 
appearance, aU small females read)* to assist their parent 
in the advancement of her enterprise. The later broods 
develop more rapidly and acquire larger size from 
being better nourished, and towards the end of June 
(no drones being as yet born) the females which come 
forth are as large as the old queen ; they may, however, 
be easily distinguished from her by their comparative 
freshness of colour and wing. Great care is displayed 
in guarding the nest. At night the queen goes to 
sleep after having carefully inspected eaCh cell, taking 
up her position at the hinder side of the nest. If she 
is disturbed in the night, she takes another survey of 
her house before again going to sleep. In the day- 
time if disturbed she makes an immediate attack on 
the enemy wdth her sting, and then flies baclj^ to her 
nest. She can sting several times, since the barbs on 
her weapon are not too long to allow of its being with- 
drawn. Ants are amongst the most common of the 
many insect enemies of these wasps, and when one 
ventures into the nest, the whole colony sting it to 
death, and immediately throw the body out. Birds 
are, however, not thus to.be got rid of, a^d destroy im- 
mense numbers of the nests, so that Siebold was 
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oliliged to protect those he wished to study with 
nets. The members of one nest are not allowed, to 
remain in another, if by chance a stranger comes in 
she is hustled out at once by the wasps near the en- 
trance. Siebold convinced himself of this by painting 
the thorax of a number of Polistes belonging to different 
nests with different colours. Only late in the year, 
w'hen the wasps seem to be getting careless or tired of 
their incessant work, did he find that one or two had 
got mixed in certain colonies, to which they did not 
rightly belong. Although there is this sharp discrimi- 
nation of individuals, yet it was found that by sub- 
stituting one nest for another whilst the queen was 
away, she could often be deceived, so as to make her 
enter upon the possession of the substituted nest as 
though it were her own. Siebold found this a very 
useful plan when he wanted to change the position or 
locality of a nftst so as to bring it into a safer or more 
accessible spot, or when a nest which he had been ob- 
serving was by some accident deserted, or when a 
nest in a favourable position was less forward in the 
development of its larvae than one less favourably 
situated^ By making the nests movable, and sub- 
stituting the one for the other in the absence of the 
qileen, he was able to save himself much trouble and 
loss. The nests were made movable by removing 
them from their original support and firmly fixing 
them to boards which were then hung up in the original 
position. The queens were very .anxious after this 
operation had been performed, investigating with 
great care the strength of the support and the cord by 
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which the board was hung, and sometimes adding to 
it themselves additional strength. By degrees such 
movable nests could be lowered a little bit each day 
from an inconveniently high position, or taking the 
nest in the night under a cover whilst all the wasps 
were in it, it could be removed from a distant locality 
to the Professor’s garden. In such cases a certain pro- 
portion always came to grief by the desertion of the 
colony ; and the queen was then sometimes found at 
work on the old site constructing a new nest. Al- 
though strangers are not admitted in a well-regulated 
Polistes nest, yet by carelessness or desertion the brood 
of one colony will sometimes be exposed to the attacks 
of the workers of another, who then make use of the 
unfortunate larvae to feed their own young. It fre- 
quently happens that workers who have once indulged 
in this kind of thing, become what are called “ robber 
wasps,” utterly demoralised, and actually undo the 
whole labour of a colony by dragging out the grubs 
which they were lately so carefully tending in common 
with their fellows, to feed the still younger larvae. 
When this condition of things has once begun in a 
colony it soon goes to ruin, and hence it is necessary 
to destroy any deserted Polistes nests in the neighbour- 
hood of those under observation, lest by entering the 
former the members of the latter should get the bad 
habit of pulling grubs out of their cells, and proceed 
to do the same in their own nests. 

The rain is a very constant source of destruction to 
Polistes colonies, drowipng the youngs by saturating 
the cells with moisture. Light rain will not, however. 
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do much harm. Whilst Siebold was endeavouring to 
remove some of the water from a nest which had been 
drenched in a shower, he was astonished to find the 
wasps themselves already busy at the work, putting 
their heads into the cells, sucking up the water, then 
passing to the edge of the nest and spitting out the 
fluid. In this way they are able to get rid of the 
effects of a wetting if it is not very severe. Though 
the Polistes feed their young exclusively with animal 
food, they yet appear to collect a sweet fluid which 
Siebold found in some cells, and which he thinks the 
workers take for their own enjoyment, since they were 
seen entering such cells and apparently sucking at the 
contents — ^in fact, taking a little refreshment in the 
intervals of their labour. 

The development of the grub is carefully described 
by the author, and a “ pseudo-nymph ” stage is recog- 
nised interventng between the nymph and the pupa. 
The perfect insect bites off the lid of its cell, and 
comes out with perfect wings, deposits first of all a 
drop of urinary excretion, and makes a trial flight, 
then returns to take part in the labours of the colony. 
The ceU^is often used again for another egg. The 
first drones make their appearance with the beginning 
of July^ an important fact for Siebold’s experiments, 
for if the nest is to be used at all now is the latest 
moment ; they have to be killed off, and all the remain- 
ing larvae and pupae destroyed — in order to secure a 
colony consisting solely of virgins. The drones play 
a pitiable part in the jiest— sneaking about in the 
empty cells and behind the comb. Not till the month 
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o/ August are their generative organs fuUy developed, 
and then they make thek Srst approaches to the 
females. Their proceedings are minutely described, 
and it appears that they meet with many rebuflFs from 
the busily-occupied workers of the hive, and that it is 
outside at a distance from the nest that their addresses 
are at length accepted by those of the larger females 
destined to become queens. Not all the large females 
appear to have this destiny, and none appear to leave 
the nest until all the brood has been brought through, 
when (about the beginning of October) the nests 
become deserted. Only a few flattened old virgin 
wasps remain, who are killed off by the frosts, whilst 
the young queens have married and sought out for 
themselves winter quarters. Siebold distinguished 
black-eyed and green-eyed drones, and speculates upon 
the signification of this difference. 

Having ascertained these and othef matters relat- 
ing to the Polistes in far greater detail than we have 
been able here to indicate them, Siebold was prepared 
to make his experiment. In the nest from which he 
wanted an answer to these questions, “ Can unfertilised 
Polistes females lay eggs which will develop ? ” and if 
so, “ Of what sex will the parthenogenetically-produced 
progeny be ? ” he proceeded to destroy the queen and 
all the eggs, larvee, and pup® in the cells with the 
greatest care as late as possible in the season, so as to 
have as large a colony as possible left, the limit of the 
time being given by the date of the appearance of the 
first drone. The queqns thus ‘taken were used for 
careful histological study of the generative organs, and 
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since in all cases Siebold found the receptaculum 
seminis filled with moving spermatozoa, he was able 
to feel assured that he had really removed the queen 
in each case. We i^ill merely direct the attention of 
those intCBested in histology to the minute description 
here given of the ovary, which in the main agrees 
with Leydig’s, and of the receptaculum seminis, which 
in opposition to Leydig, on account of its nerve supply, 
Siebold holds to be qontractile. After waiting some 
days Siebold had the gratification of finding the first 
eggs laid in the cells of several of the nests from 
which he had removed queen, eggs, and larvae, and 
he felt convinced that they could only have been laid 
by the small virgin workers who alone tenanted the 
combs. The whole business of the colonies proceeded 
just as well as when the queens were there, and the 
virgins watched and worked with the same assiduity 
as had* done their queen -mother. In some cases 
Siebold actually saw a worker deposit an egg, and 
such egg-laying workers, when anatomically tested, 
showed, firstly, in the presence of corpora lutea (the 
precise signification of which the investigator had 
ascertained by his histological studies of the ovary) 
that eggs had been extruded, and, secondly, in the 
complete absence of spermatozoa from the recepta- 
culum seminis, that the insect was a virgin. Out of a 
hundred nests which he had begun to observe in one 
season, and out of one hundred and fifty in another, 
only some twenty or so in each case came through all 
the long series of accidents ffom weather, insects, 
birds, etc., to which they were necessarily exposed. 



266 


PAETHENOOENESIS 


Vll 


and some of those which promised the best results and 
had cost the most pains came to a bad end in the 
very last days of the research. In order to determine 
the sex of the wasps born from ‘the eggs laid by the 
parthenogenetic females, Siebold in most jcases only 
allowed the development to proceed sufficiently far to 
enable him to recognise the sex by anatomical investi- 
gation. The dried skin, however, of such grubs as 
were found dead in their cells afforded sufficient evi- 
dence of the sex. In all cases the parthenogenetic 
offspring was without exception male. The queen- 
wasps, as we have mentioned, also late in the season 
lay eggs which produce drones, which are easily dis- 
tinguished from the drones parthenogeneticaUy pro- 
duced by their larger size. It occurred to Siebold 
when he first ascertained that the queens produce 
drones that such drones might visit his virgin colonies, 
and thus his whole experiment be invalidated. He 
was, however, reassured on this point by a nearer 
acquaintance with the Polistes; for such drones are 
not born till later than the period at which his arria U 
females laid their eggs, the former event taking place 
at the end of J uly, the latter at the beginning ; and, 
furthermore, as we have noticed above, it 'is not till 
still later (August), when the experimental cells were 
long since all occupied with eggs, that the pbwer and 
desire of sexual activity comes to these drones. 

Siebold’s experiments extended over four years, 
and although some hundreds of nests were more or 
less observed, only thirty -seven — but these amply 
sufficient — gave the aaiswer to his qfuestions, paaain g 
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successfully through all the stages above noted. 
Firstly, they furnished a virgin colony in a nest ab- 
solutely free from eggs and larvae — except a few 
advanced larvae purposely left in some nests and noted 
down — which colony laid eggs ; secondly, these eggs 
produced without exception (some few eggs not 
developing) males. 

The method of recording which was used must be 
mentioned to give a notion of the accuracy of the 
observations. A series of plans of each nest was kept, 
each cell being represented and its contents at differ- 
ent dates. Successive plans were used for recording 
the successive changes in the number of cells of the 
nest, and in their contents at different periods of the 
observations. Signs jotted down in the plan cells 
indicate such facts as these — e.g. the cell contains a 
“ parthenogenetic egg,” or “a second parthenogenetic 
egg which waylaid after a first one had disappeared,” 
or “ a larva sprung from the queen,” or “ a partheno- 
genetic male larva,” etc. etc. A second record was 
kept, and is given for twenty-two cases, in which the 
following facts were noted: Number of the nest, 
date it was made movable, number of cells at that 
time, day of emergence of first worker-female, date of 
destruction of queen, eggs, and grubs, number of larvae 
and pupae left undestroyed at this date, date of first 
laying of parthenogenetic eggs, date of first emer- 
gence of parthenogenetic larvae, date of first emergence 
of drones bom from queens’ eg^ (these were null in 
most cases, and^ were ‘always %o late as not to affect 
the experiments by possibly impregnating the worker- 
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females), number of the same, number of cells observed 
when the experimental conditions were established, 
date and duration of the experiment, maximum number 
of female workers employed in the affairs of the nest, 
number of larvae, pupae, and wasps of the' partheno- 
genetic brood found at the conclusion of the experi- 
ment. After the account of the artificially obtained 
results, two cases are recorded in which Siebold found 
a parthenogenetic colony natuiully established by an 
accident which had destroyed their queen and comb. 

Before concluding this chapter of his book, Siebold 
makes the very important observation that the facts 
observed in the parthenogenesis of Polistes are in 
opposition to the view maintained by Leydig, viz. 
that the sexual differentiation of the egg is independent 
of its fertilisation, and that the evolution of the male 
sex is due to diminution of nutrition and warmth. 
Bessels has already, in opposition to Landois) shown 
that this is not the case in the bee. If it were true 
for Polistes, the eggs laid in the early year, when it 
is cold, and when there is only the (^ueen to attend 
to the larvie, should produce drones. On the contrary, 
they produce females, and the drones appear precisely 
at the time when warmth and nourishment are most 
abundant. 

( 

Siebold concludes, therefore, that (l) the eggs 
bring with them from the ovary the capacity of 
differentiating themselves as males, and (2) of de- 
veloping themselves, independently of male influence 
into male individuals;, (3) but ‘the same eggs can be 
changed in these properties by the influence of the 
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male sperm elements, and proceed to develop as female 
individuals. 

The second chapter, very short, is on Partheno- 
genesis in Vespa *holsatica, which was inferred to 
occur frotn the observation of a naturally -produced 
queenless colony, the larvae in the cells of which were 
all male. 

The third chapter is on Parthenogenesis in Nematus 
ventricosus, the larva of which is known as the Goose- 
berry-caterpillar. Since three or more generations of 
these leaf-wasps occur in the season, they furnished 
abundant material, and the old supposition of partheno- 
genesis first put out as regards them by Kobert Thorn, 
in the Gardener's Magazine, 1820, is shown by 
Siebold to be justified by carefully conditioned experi- 
ment. Some valuable observations on the anatomy 
of the generative organs, and on the curious increase 
in the* size of “the egg after it is laid, are given. The 
parthenogenetically produced progeny are in this case 
also male, '.fhe results of the Nematus experiments 
were not ready for publication until after the issue of 
the present work, and we have received, through the 
kindness of Dr. Dohrn, a copy of the Sitzungsberichte 
of the Munich Academy of 4th November 1871, in 
which they are fully given. It appears that though 
an occasional female appeared among the male broods 
produced by unfertilised females, this was, in every 
case where it happened, fully accounted for by the 
accidental access of a fertilised female, or some such 
misadventure, duly noted in fiie records kept of the 
observations. 
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Of the fourth and fifth chapters, treating of 
Parthenogenesis in the Lepidoptera, Psyche helix, 
Solenohia triqiietrella and S. lichenella, we have not 
space to speak in detail. The samte intimate inquiry, 
and the same very necessary prodigality in the amount 
of material subjected to experiment. Which we noted 
above as to Polistes, characterise Professor Siebold’s 
treatment of these cases. The parthenogenesis in these 
cases produces female broods, and though the male 
of Psyche helix has been discovered since Siebold’s 
former researches on this moth, his conclusion is by 
no means invalidated, for the males are excessively 
rare. They were first discovered by Claus, of Mar- 
burg, who has indicated characters by which future 
observers may distinguish the sex of the caterpillars. 
Out of many hundreds of broods reared by Siebold, 
taken in various places, ranging from the Baltic to 
the plains of Lombardy, only once did he obtain 
males. There appear to be thus broods which are 
entirely female, and broods which are of mixed sexes. 
The conditions under which the male sex makes its 
appearance are not yet ascertained. It is exceedingly 
desirable that those who may be fortunate enough to 
come across a mixed brood, should make experiments 
to ascertain if all the eggs which are fertilised produce 
males. The females of the purely female broods are 
completely developed in every respect, having perfect 
copulatory organs, and the egg is furnished with a 
micropyle ; therefore, as Siebold maintains, they must 
not be called pseudo v|i. It s'hould^be mentioned 
that the inquiries necessary to establish the identity 
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of the species, and the distinctive characters with 
regard to these little moths, have occupied a great 
deal of our author’s time and attention, and are here 
recorded. In regard both to Psyche and Solenobia 
examination with the microscope was employed to 
determine the absence of male elements from the 
receptobculum seminis; and we have moreover an 
account of the structure of the ovaries. In relation 
to this matter, Professor Siebold takes the opportunity 
of replying to some criticisms of his former work by 
M. Plateau, who appears to have made little of the 
arguments based on the proof thus obtained of virgin- 
ity, without knowing the real extent and nature of 
Siebold’s studies, having, in fact, only read of them 
in an imperfect abstract. It appears also that M. 
Plateau took “ein einziger Fundort” to mean “un 
naturaliste collecteur,” an amusing mistake to which 
our attention is drawn in a note, p. 155. We may 
briefly mention here with regard to Solenobia, that it 
appears that S. liclienella is only the female brood 
of S. pineti, of which males and females regularly 
occur. No structural difference appears to exist 
between the two kinds of females, but the former, 
on escaping from the chrysalis -sac, at once proceed 
to lay eggs, which produce invariably females ; whilst 
the latter wait for copulation, and if that be with- 
held, die, and dry up without laying their eggs. 
These insects offer most promising material for further 
researches on the conditions attending the differentia- 
tion of sex. * * 

We now come to the sixth and last chapter, on 
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“ the Parthenogenetic Reproduction in Apus and 
allied Crustacea.” Already, in 1856, Siebold had 
stated his supposition that Aj)m cancnformis, Lim- 
nadia gigas, and Polyphemus ocuLus, in which species 
no males had been observed, presented examples of 
true parthenogenesis, and were not to be regarded as 
bud-producing “ nurses,” in a so-called alternation of 
generations. Leuckart subsequently expressed the 
same opinion with regard to the, reproduction, inde- 
pendent of males, observed in Daphnia, Apus, and 
Limnadia. Ever since that period Siebold has con- 
tinually kept an eye upon Apus. In 1858 the males 
of Apus were discovered by Kozubowski, and Siebold 
received specimens from various localities. He thus 
learned to distinguish with perfect facility the two 
sexes, and was enabled now to convince himself that, 
as with the Lepidoptera above spoken of, so with 
Apus, broods occur which are entirely destitute of 
males, and go on reproducing parthenogenetically, 
whilst other broods occur in which both sexes are 
present. The number of Apus of two species — A 2 yus 
cancriformis and Apus productus — examined by 
Siebold, amounts actually to some thousands. He 
received quantities taken from various ponds in middle 
Europe (Apus occurs in shallow pools which dry up 
duriug parts of the year, and it can be taken in 
immense quantity), and had the opportunity of study- 
ing one pond — that at Gossberg, near Munich, with 
minuteness, from the year 1864 to the year 1869 
inclusive, besides casual examinations of the same 
pond in 1857 and 1858. Time after time, taking 
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several hundreds of the Apus from the pond, he never 
found a single male amongst them. On one occasion 
he had the whole contents of the little pond removed 
with the greatest care, so as to feel sure that he had 
obtained every Apus present. He received on this 
occasion. 5796 specimens of Apus, every one of which 
being carefdly examined proved to be female. At 
the same time 2576 specimens of Branchipus were 
obtained from the pond, which were, as usual, of both 
sexes. In those cases where ponds afforded both 
males and females of Apus, it is remarkable that the 
proportion of the sexes was very variable. The 
highest proportion of males appears to be in a case 
recorded by Sir John Lubbock, who found thirty-three 
male and thirty-nine female Apus productus in a 
pond near Rouen, whilst among 193 specimens of 
Apus cancriformis, from a locality near Krakow, 
only one mate occurred. What is most important 
abodt this variation in the proportion of males to 
females is that in two or three localities, furnishing 
mixed generations of Apus, from which he has received, 
year after year, numbers of specimens, Siebold has 
observed an apparent constantly-augmenting dispro- 
portion of males to females, and he is led to the 
supposition that in these cases the males will at last 
cease altogether, and thus a female generation be pro- 
duced which will continue to reproduce itself partheno- 
genetically, as in the Gossberg and a great number of 
other ponds. This is, however, by no means proved ; 
and we have no idea* at preseAt as to how the males 
may make their appearance again, or what are the 
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conditions affecting their development and extinction. 
It occurred to Siebold that an objection might be 
urged against parthenogenesis in Apus, in that, 
although he examined consecutive generations and 
found them always female, he could not be- sure that 
males had not been present before he took fjis speci- 
mens, and had not died and decomposed after having 
fertilised the females. To meet such an objection, he 
firstly made himself thoroughly acquainted with the 
male generative organs and the spermatozoa, and 
secondly with the ovaries and their development. He 
found the spermatozoa to be motionless like those of 
other Crustacea, and he never succeeded in detecting 
any of them in the female genitalia amongst the 
specimens belonging to supposed female generations. 
But he equally failed to find spermatozoa or a recep- 
tacle for them in the female genitalia of the specimens 
of mixed generations, and therefore no conclusion 
could be drawn from the observation. The structure 
and development of the ovum, however, made this 
observation decisive, since it was found that an egg- 
shell forms round the ovum in the uterus, and, in the 
absence of a micropyle, fertilisation, if it takes place 
at all, must be accomplished before this shell is hard- 
ened. A further proof of another kind was obtained 
by experiment. Having removed eggs from iemales, 
which certainly at the time eontained no spermatozoa, 
Siebold placed them in a small tank, and from these 
obtained Apus-embryos. Others were reared to matur- 
ity from eggs taken in •the pond.* 

The relative size of male and female is a question 
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about which there is some interest ; differences which 
have been observed seem to depend on this, that 
Apus continues growing as long as the pond in which 
it lives does not dry up, and hence the eggs which 
hatch soonest give the largest-sized progeny. In his 
tabular statements Siebold gives measurements of the 
specimens examined by him at different times from 
various localities. 

A few words nmst be said here upon the very 
extraordinary history of the ovum of Apus made out 
by Siebold, the structures being identical, whether 
the female examined belonged to a parthenogenetic 
or digenetic brood. The essential female organs of 
reproduction in Apus may be roughly described as 
two large tubes placed on either side of the alimentary 
canal, opening externally at the posterior end, and 
giving off towards the other end primary and second- 
ary br&nches. • On the ends of these short secondary 
branches are situated the egg follicles. Four cells 
appear in each egg follicle in a very early stage of its 
development, and one of these takes on more rapid 
growth — becoming the egg- cell — whUst the others 
disappear as deutoplasmogen or vitellogenous cells; 
the egg then acquires some size and a red colour, and 
has a visible germinal vesicle. But such eggs are 
much smaller than the eggs observable in the main 
stem of the ovarian tube, and this appears to be the 
very startling explanation. The eggs escape from 
their foUicles as a matter of course, and pass along 
the canal leading froln ^t to a* primary branch of the 
ovarian tube, and there two and sometimes three of 
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these eggs fuse into one mass, around which a shell is 
secreted, and which thus forms the actual egg — areally 
a threefold egg ; and from such a wonderfully formed 
egg only one embryo develops.'* Unfortunately we 
are not told what becomes of the germinal vesicles * ; 
according to the drawings they seem- to disappear at 
this stage. Siebold appears to have convinced him- 
self that the fusion is a normal thing, and not due 
to any pressure or osmotic action taking place during 
the microscopical examination. The structure of the 
ovary of Apus is figured in a plate. 

As to the other crustaceans named, which are 
Artemia salina and Limnadia Ilermanni, the occur- 
rence of parthenogenetic broods is inferred from the 
descriptions of other writers whose works are criti- 
cised at some length, and also from examination of 
specimens. It seems not impossible from an observa- 
tion of Zenker that in Artemia salina parthenogenetic 
alternate with digenetic broods. In the beginning of 
the year 1851 this observer found three males among 
one hundred females, later in July the same pond 
furnished thousands of females, but not one male. 

In conclusion. Professor Siebold, whilst adopting 
Leuckart’s term “ Arrenotoky,” to designate the 
phenomenon of the parthenogenetic production of 
male offspring, as seen in the Hymenoptera, proposes 
the parallel term, “ Thelytoky,” for the parthenogenetic 
production of female offspring as demonstrated now 
conclusively in some Lepidoptera and Crustacea. 
It seems to us that a third term* should also be avail- 
able for the case of mixed ofifspring (that is, of two 



VII 


P ARTH ENOGENESIS 


267 


sexes) such as “ Amphotoky ” ; and the terms need 
not be limited to parthenogenetic cases. In his con- 
cluding remarks, whilst repeating the expression of 
his conviction that' parthenogenesis wiU be found 
more and iliore to be of frequent and fixed occurrence 
in various classes of animals, Siebold alludes with 
caution to the list of cases in which parthenogenesis 
is stated to occur, given by Gerstaecker in Bronn’s 
Classen und Ordnungen des Thierreichs. Ger- 
staecker rightly enough distinguishes cases in which 
parthenogenesis has been observed as an accidental 
and rare exception, and those in which it has a 
definitely recurring place. Siebold considers (and 
after the great pains he has himself expended on the 
cases recorded in this book, he is fully warranted iu 
so doing) that many of the examples put forward by 
Gerstaecker require a more careful testing, and he 
offers some reiftarks on parthenogenesis in the gall- 
flies, and in the silkworm moth. Finally, he alludes 
to cases among Vertebrates in which indications of a 
power of development in the egg, independent of the 
male element, have been observed. The most remark- 
able of these is that quoted by Leuckart in his work 
already cited, which Siebold omits here, but has done 
justice to in the short supplementary paper read at 
the Munich Academy since the publication of this book. 
In 1844 Professor Bischoff found ova in the uterus 
of an unimpregnated sow, which exhibited segmenta- 
tion of the yelk, some into two and four, and others 
into sixteen and^ twenty divisions. Other cases here 
given are as follows : In the oviduct of a three-year-old 
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rabbit, thoroughly separated pathologically from the 
uterus, Professor v. Hensen of Kiel found ova in various 
stages of yelk-division, and some of their cells had 
even advanced into a branched condition. Dr. 
Oellacher of Innsbruck has observed stages of yelk- 
division in unfertilised hen’s eggs. In fishes, in 
1859, Agassiz observed yelk-division occurring in the 
eggs of Gadidae, whilst yet in the ovary, and con- 
sidered it to be due to impregnation, even stating 
that he had seen certain fishes place themselves in 
such a position as to favour this supposed intra- 
ovarian fertilisation. Burnett has since investigated 
the case, and concludes that the yelk-division is 
independent of fertilisation, a supposition which is 
rendered in every way probable from other researches 
on the fish egg ; but, curiously enough. Dr. Burnett 
thinks these eggs should be regarded as “germs,’* and 
not as “ true eggs,” an opinion to which Sifebold, of 
course, is completely opposed, and one which, in in- 
vertebrate cases, has been shown to be untenable. 

Sicbold does not allude to those cases of ovarian 
cysts found occasionally in the unfertilised human 
female, and containing hair and teeth — a phenomenon 
which we should be glad to see further discussed and 
investigated, since, as far as we can remember, the 
origin of the contents of such cysts from irregularly 
developing ova is probable. The eel is suggested as 
a possible parthenogenetic vertebrate. It is a very 
strange fact that we are still ignorant of the ripe eggs 
and embryos as well m of the ’males of the eel, even 
as in the time of Aristotle. With the following words 
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of that great naturalist, addressing them to those 
who still refuse to accept the existence of Partheno- 
genesis, Siebold ends his book; “More belief must 
be ^ven to observation than to theory, and this last 
is only woHhy of belief when leading to the same 
result as experience.” 




VIII 

A THEOEY OF HEEEDITY 

A Review of Haeckel’s Pamphlet entitled Pbrigexests der 
Plastidule, From Xaturk, 15th July 1876. 




•A THEORY OF HEREDITY 

Under the title “ Perigenesis der Plastidule oder 
die Wellenzeugung Kler Lebenstheilchen,” Professor 
Haeckel has published quite recently a pamphlet con- 
taining an attempt to furnish a mechanical explanation 
of the elementary phenomena of reproduction which 
shall be more satisfactory than Mr. Darwin’s ingenious 
and well-known theory of Pangenesis. I shall en- 
deavour to show that Professor Haeckel’s theory is 
essentially that with which both English and German 
students of Mr. Herbert Spencer’s works have long been 
familiar; and fliat it does not furnish a clearer explana- 
tion than does Mr. Darwin’s Pangenesis, of the special 
facts of heredity which Mr. Darwin had in view. 

Haeckel commences with a very concise statement 
of what is at present known as to the visible compo- 
sition of “ plastids,” those corpuscles of life-stuff called 
“ cells ” by Schleiden and Schwann, “ elementary 
organisms ” by Brucke, “ life-units ” by Darwin. Most 
plastids possess a differentiated central kernel or 
nucleus, which again possesses one or more nucleoli. 
The substance of which the body of such a nucleated 
plastid or true cell is mainly composed is genially 
known by von ll^Johl’s term, “ protoplasma.” Imeckel 
proposes to distinguish the substance of the /nucleus 

T 
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by the name “ coccoplasma.” In the simplest form 
of plastid, the “ cytod,” which is devoid of nucleus, 
and is exhibited by those lowly organisms known as 
Monera, by the young Gregarina (Ed. van Beneden), 
by the hyphse of some Fungi, and by the lipe egg of 
all organisms (if we may judge from the results of the 
most recent researches), coccoplasm and protoplasm 
are not differentiated, but exist as one substance, 
which Haeckel, following Ed. van Beneden, distin- 
guishes as “plasson.” Whether these distinctions 
have a real value or not, is of no moment for the 
question in hand. It is a widely-accepted doctrine — 
in fact, the fundamental generalisation on which 
Biology as a science rests — that the excessively com- 
plex chemical compound which forms the substance 
of plastids or life-units is the ultimate seat of those 
phenomena or manifestations of energy which distin- 
guish living from lifeless things — ^to wit, growth by 
intus-susception, reproduction, adaptation, and con- 
tinuity or hereditary transmission. Leaving Professor 
Haeckel’s pamphlet for a time, let us go back thirteen 
years. 

As long ago as July 1863, Mr. Herbert Spencer, 
in his Principles of Biology , pointed out at consider- 
able length (vol. i. p. 181) that the assumption of 
definite forms, and the power of repair exhibited by 
organisms, is only to be brought into relation with 
other facts (that is to say, so far explained) by the 
assumption that certain units composing the living 
substance or protopla^ of. cells po^ess “polarity” 
similar ^to, but not identical with, that of the units 
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which build up crystals. Mr. Spencer is careful to 
explain that by the term “ polarity ” we mean simply 
to avoid a circuitous expression, namely, the still 
unexplained power which these units have of arrang- 
ing themselves into a special form. He then points 
out that the units in question cannot be the molecules 
of the proximate chemical compounds which we obtain 
from protoplasm — such as albumen, or fibrin, or gela- 
tin, or even protein! Further he shows that they 
cannot be the cells or morphological units, since such 
organisms as the Khizopods are not built up of cells, 
and since, moreover, “the formation of a cell is to 
some extent a manifestation of the peculiar power” 
under consideration. “ If then,” he continues, “ this 
organic polarity can be possessed neither by the chemi- 
cal units, nor the morphological units, we must con- 
ceive it as possessed by certain intermediate units, 
which we may* term physiological. There seems no 
alternative but to suppose that the chemical units 
combine into units immensely more complex than 
themselves, complex as they are ; and that in each 
organism, the physiological units produced by this 
further cqmpounding of highly compound atoms, have 
a more or less distinctive character. We must con- 
clude tl\^t in each case, some slight dift’erence of 
composition ,in these units, leading to some slight 
difference in their mutual play of forces, produces a 
difference in the form which the aggregate of them 
assumes.” 

Further on Mr. Spencer applies the hypothesis of 
physiological units to the explanation of the phenomena 
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of heredity, introducing the subject by the following 
admirable remarks, which appear to me to assign in 
the most judicious manner their, true value to such 
hypotheses and to be as strictly applicable to later 
speculations as to his own. “ A positive explanation 
of heredity is not to be expected in the present state 
of biology. We can look for nothing beyond a simpli- 
fication of the problem, and a reduction of it to the 
same category with certain other' problems which also 
admit of hypothetical solution only. If an hypothesis 
which certain other widespread phenomena have 
already thrust upon us, can be shown to render the 
phenomena of heredity more intelligible than they at 
present seem, we shall have reason to entertain it. 
The applicability of any method of interpretation to 
two different but allied classes of facts is evidence of 
its truth. The power whicli organisms display of 
reproducing lost parts, we saw to be inexplicable 
except on the assumption that the units of which any 
organism is built have an innate tendency to arrange 
themselves into the shape of that organism. We 
inferred that these units must be the possessors of 
special polarities, resulting from their special struc- 
tures ; and that by the mutual play of their polarities 
they are compelled to take the form of the snecies to- 
which they belong. And the instance of the Begonia 
phyllomaniaca left us no escape from the admission 
that the ability thus to arrange themselves is latent 
in the units in every undifierentiated cell. . . . The 
assumption to which we seem drivenrby the ensemble 
of the evidence, is that sperm -cells and germ -cells 
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are essentially nothing more than vehicles, in which 
are contained small groups of the physiological units 
in a fit state for obeying their proclivity towards the 
structural arrangement of the species they belong to. 
... If the likeness of offspring to parents is thus 
determined, it becomes manifest, a priori, that besides 
the transmission of generic and specific peculiarities, 
there will be a transmission of those individual peculi- 
arities which, arising without assignable causes, are 
classed as ‘ spontaneous.’ . . . 

“ That changes of structure caused by changes of 
action must also be transmitted, however obscurely, 
from one generation to another, appears to be a de- 
duction from first principles — or if not a specific 
deduction, still, a general implication. . . . Bringing 
the question to its ultimate and simplest form, we may 
say that as on the one hand physiological units will, 
becaus'e of tlleir special polarities, build themselves 
into an organism of a special structure, so on the other 
hand, if the structure of this organism is modified by 
modified function, it will impress some corresponding 
modification on tlie structures and polarities of its 
units. The units and the aggregate must act and 
react on each other. The forces exercised by each 
unit on^the aggregate, and by the aggregate on each 
unit, must ever tend towards a balance. If nothing 
prevents, the units will mould the aggregate into a 
form in equilibrium with their pre-existing polarities. 
If contrariwise, the aggregate is made by incident 
actions to tak§ a new form, fts forces must tend to 
re-mould the units into harmony with this new form : 
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and to say that the physiological units are in any 
degree so re-moulded as to bring their polar forces 
towards equilibrium with the forces of the modified 
aggregate, is to say that when separated in the shape 
of reproductive centres, these units will teild to build 
themselves up into an aggregate modified in the same 
direction.” (P. 256.) 

Thus, then, Mr. Herbert Spencer definitely assumes 
an order of molecules or units of protoplasm — lower 
in degree than the visible cell-units or plastids — to 
the “ polar forces ” of which and their modification by 
external agencies and interaction, he ascribes the ulti- 
mate responsibility in reproduction, heredity, and 
adaptation. 

I am unable to say whether IVIr. Darwin was ac- 
quainted with or had considered Mr. Herbert Spencer’s 
hypothesis of physiological units, when in 1868 he 
published his own provisional hypothesis V)f Pangenesis. 
But an examination of the bearings of the two hypo- 
theses shows that the former does not render the latter 
superfluous, nor is the one inconsistent with the other. 
Mr. Darwin wished to picture to himself and to enable 
others to picture to themselves a process which would 
account for (that is, hold together and explain) not 
merely the simpler facts of hereditary transmission, 
but those very curious though abundant cases in which 
a character is transmitted in a latent form and at last 
reappears after many generations, such cases being 
known as “ atavism ” or “ reversion ” ; and again those 

cases of latent transmission 'which characteristics 

• • 

special to the male are transmitted to the male off- 
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spring through the female parent without being mani- 
fest in her ; and yet again the appearance at a particu- 
lar period of life of characters inherited and remaining 
latent in the young organism. According to the 
hypothesis of pangenesis, “ every unit or cell of the 
body throws off gemmules or undeveloped atoms, 
which are transmitted to the offspring of both sexes 
and are multiplied by self-division. They may remain 
undeveloped during, the early years of life or during 
successive generations ; their development into units 
or cells, like those from which they were derived, 
depending on their affinity for, and union with, other 
units or cells previously developed in the due order of 
growth.” 

In an essay (“Comparative Longevity,” Macmillan, 
1870, p. 32) published six years ago, I briefly sug- 
gested the possibility of combining Mr. Herbert 
Spencfer’s and Mr. Darwin’s hypotheses thus : “ The 
persistence of the same material gemmule and the 
vast increase in the number of gemmules, and conse- 
quently of material bulk,^ make a material theory 
difficult. Modified force -centres, becoming further 
modified in each generation, such as Mr. Spencer’s 
physiological units, might be made to fit in with Mr. 
Darwin’s hypothesis in other respects.” In fact, in 
place ot the theory of emission from the constituent 
cells of an organism of material gemmules which cir- 
culate through the system and affect every living cell, 

^ On this subject see Mr. Sorby’s recgnt Presidential Address to the 
Royal Microscopical Society, in the Quarterly Journal of Microscopical 
Science^ April 1876. 
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and accumulate in sperm-cells and germ-cells, we may 
substitute the theory of transmission of force, the two 
theories standing to one another in the same relation 
as the emission and undulatory theories of light. 

It may, however, be very fairly questioned whether 
our conceptions of the vibrations of complex molecules, 
or in other words, their force-affections, are sufficiently 
advanced to render it desirable to substitute the 
vaguer though possibly truer updulatory theory of 
heredity for the more manageable molecular theory 
(Pangenesis). How are we to conceive of the propa- 
gation of such states of force-affection or vibration 
(as they are vaguely termed) through the organism 
from unit to unit ? In what manner, again, are we 
to express the dormancy of the pangenetic gemmules 
in terms of molecular vibration ? It is true that 
molecular physics furnishes us with some analogies in 
the matter of the propagation of particular stktes of 
force-affection from molecule to molecule, as, for 
example, in the various modes of decomposition ex- 
hibited by gun-cotton, in contact actions and the 
like ; but it will require a very extended analysis of 
both the phenomena of heredity and of molecular 
phenomena similar to those just cited, to enable us 
to supersede the admittedly provisional hypothesis of 
Pangenesis by a hypothesis of vibrations. And it is 
necessary here to remark that in the fundamental 
conception of Pangcnesis, namely, the detachment 
from the living cells of the organism of gemmules 
which then circulate in’the organism, there is nothing 
contrary to analogy, but rather in accordance with it. 
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It is quite certain that in some infective diseases the 
contagion is spread by specific material particles. 
This seems to be established, although it is far from 
settled as to whether these particles are parasitic 
organism^ or portions of the diseased organism itself. 
Mr. Danwin’s pangenetic gemmules may, even if not 
accumulated and transmitted from generation to 
generation, be called upon to explain the solidarity of 
the constituent cells of one organism ; they may be 
assumed as agents of a peculiar kind of infection,^ by 
means of which the molecular condition or force- 
affection of one cell is communicated to otliers at a 
distance in the same organism. It is difficult without 
some such hypothesis of an active material exchange 
of living molecules between the various cells of the 
body, to conceive of the way in which “ change is 
propagated throughout the parental system,” or a 
modified part is to “impress some corresponding 
modification on the structures and polarities ” of dis- 
tant units, such, for example, as those contained in 
the mammalian ovum. 

In the human ovary no egg-cells are produced 
after the age of two and a half years. Each of the 
many hundred eggs there contained reposes quietly 
in its follicle, whilst the growth and development of 
other orgaqs is proceeding. Then a renewed period 
of activity for the ovary commences, but the majority 

^ It is a striking exemplification of the unity of biological science 
that we should have to look to the pathologist for the next step in 
this region of speculation,, and that fermentations, phosphorescence, 
fevers, and heredit}^ should be Simultaneously studied from a common 
point of view with psychology. 
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of the originally-formed egg-cells retain their vitality 
and form-individuality for more than forty years. 
How, we may ask, during that time are they subjected 
to the influence of new polar forces acquired by the 
other units of the body ? We know that they are so 
impressed, or have such influences propagated to them.^ 
Is it by “ action at a distance,” or by the contact action 
of circulating infective gemmules ? 

Such being the state of speculation, in England at 
any rate, with regard to the mechanical explanation 
of heredity, we return to Professor Haeckel’s recently 
enunciated theory of the Perigenesis of plastidules. 

It is clear, to begin with, that Professor Haeckel 
has either never studied or has forgotten Mr. Herbert 
Spencer’s writings. His attempt to substitute some- 
thing better for Mr. Darwin’s provisional hypothesis 
of Pangenesis, as he tells us, has its origin, to a great 
extent, in the admirable popular Icotui^ of Professor 
Ewald Hering of Prague, “ Uber das Gediichtniss als 
eine allgemeine Function der organisirten Materie” 
[On Memory as a General Function of Organised 
Matter], published in 1870, and to some extent, 
including terminology, is based on an essay by Elsberg, 
of New York, published in the Proceedings of the 
American Association, Hartford, 1874. With the latter 
of these publications I am only acquainted through 
Professor Haeckel’s citations, but with the former at 
first hand. Professor Hering gives a brief outline, in 
the lecture in question, of the fundamental doctrine 
of physiological psychology, whicTi hadjieen previously 
1 See note on page 286. 
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worked out to its consequences on an extensive scale by- 
Mr. Herbert Spencer. Professor Hering has the merit 
of introducing some striking phraseology into his 
treatment of the subject, which serves to emphasise 
the leadin’g idea. He points out that since all trans- 
mission of “ qualities ” from cell to cell in the growth 
and repair of one and the same organ, or from parent 
to offspring, is a transmission of vibrations or affections 
of material particles,* whether these qualities manifest 
themselves as form, or as a facility for entering upon 
a given series of vibrations, we may speak of all such 
phenomena as “ memory,” whether it be the eonseious 
memory exhibited by the nerve- eells of the brain or 
the unconscious memory we call habit, or the inherited 
memory we call instinct ; or whether again it be the 
reproduction of parental form and minute structure. 
All equally may be called “the memory of living 
matter.” Fr8m the earliest existence of protoplasm 
to the present day, the memory of living matter is 
continuous. Though individuals die, the universal 
memory of living matter is stUl carried on. 

Professor Hering, in short, helps us to a comprehen- 
sive conception of the nature of heredity and adaptation 
by giving us the term “ memory,” conscious or uncon- 
scious, jFor the continuity of Mr. Herbert Spencer’s 
polar forces, or polarities of physiological units. 

Elsberg appears (though this is only an inference 
on my part) to be acquainted with Mr. Herbert 
Spencer’s hypothesis of physiological units. Adopt- 
ing Haeckel’s useful term “ pljistid ” for a corpuscle of 
protoplasm (cell or cytod), he designates the physio- 
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logical units “ plastidules,” a name which Haeckel has 
accepted, and which may very possibly be found per- 
manently useful. But Elsberg does not appear to 
have helped on the discussion of the subject to a great 
extent, since he proceeds no further than^is implied 
in adopting Mr. Darwin’s theory of Pangenesis, whilst 
substituting the “ plastidules ” for Mr. Darwin's 
“ gemmules.” It appears to me that Elsberg in his 
combination of the Spencerian and Darwinian hypo- 
theses, has omitted the sound element in the latter, 
and retained the more questionable. He should have 
conjoined Mr. Herbert Spencer’s conception of “ plasti- 
dules ” — possessing speeial polarities or force affections 
which they are capable of propagating as changes of 
state {i.e. force- waves) to associated plastidules, and 
so to offspring — with Mr. Darwin’s conception of a 
universal and continuous emission of such changes 
from all the cells of an organism, and" the frequent 
occurrence of a persistently latent condition of those 
changes — a condition which Hering’s happy use of 
the term “ memory ” enables us to illustrate by the 
analogous (or we should rather say identical) “ latent ” 
or “ dormant condition ” of mental impressions. 

This is, in fact, the position which Professor Haeckel 
takes up — though independently of what Mr. Spencer 
has written on the subject, excepting sq far as the 
influence of the latter is to be traced in Elsberg’s 
essay. For Haeckel, living matter, protoplasm, or 
plasson consists of definite molecules — the plastidules 
— which cannot be divided into smaller plastidules, 
but can only be split into lower chemical compounds. 
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What Mr. Spencer calls polarities or polar forces 
Haeckel speaks of as “undulatory movements” — a 
symbol which has the advantages and disadvantages 
of analogy, but which, like “polarity,” is only a 
symbol, and covers our incapability of conceiving 
more definitely the character of the phenomenon it 
designates. The undulatory movement of the plasti- 
dules is the key to the mechanical explanation of all 
the essential phenomena of life. The plastidules are 
liable to have their undulations affected by every 
external force, and once modified the movement does 
not return to its pristine condition. By assimilation 
they continually increase to a certain point in size, 
and then divide, and thus perpetuate in the undulatory 
movement of successive generations the impressions 
or resultants due to the action of external agencies on 
individual plastidules. This is Memory. All plasti- 
dules possess*memory — and Memory, which we see in 
its ultimate analysis is identical with reproduction, is 
the distinguishing feature of the plastidule ; is that 
which it alone of all molecules possesses in addition 
to the ordinary properties of the physicist’s molecule ; 
is in fact that which distinguishes it as vital. To the 
sensitiveness of the movement of plastidules is due 
Variability — to their unconscious Memory the power 
of Hereditaj-y Transmission. As we know them to-day, 
they may “ have learnt little and forgotten nothing ” 
in one organism, “have learnt much and forgotten 
much ” in another, but in all, their Memory, if some- 
times fragpientary, yet .reaches back to the dawn of 
life on thi earth. 



NOTE 

The two preceding essays give an account of researches 
and speculations which have a historical value for the 
philosophic biologist. In both of these articles the 
reader will find evidence of a belief on my part in 
“ the transmission by heredity of acquired characters.” 
This belief is one which I now think is not justifiable. 
Some of the questions connected both with Partheno- 
genesis and Heredity have been elucidated in a masterly 
manner by August Weismann of Freiburg, whose 
essays recently published by the Oxford University 
Press cannot be too carefully studied by naturalists. 


15iii March 1890. 
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THE HISTORY AND SCOPE OF ZOOLOGY 


The branch of science to which the name Zoology is 
strictly applicable may be defined as that portion of 
Biology which relates to animals, as distmguished from 
that portion which is concerned with plants. 

The science of Biology itself has been placed by 
Mr. Herbert Spencer in the group of concrete sciences, 
the other groups recognised by that writer being the 
“ abstract- concrete ” and the “ abstract.” The ab- 
stract sciences are Logic and Mathematics, and treat of 
the blank forpis in which phenomena occur in relation 
to time, space, and number. The abstract-concrete 
sciences are Mechanics, Physics, and Chemistry. The 
title assigned to them is justified by the fact that, 
whilst their subject-matter is found in a consideration 
of varied concrete phenomena, they do not aim at the 
explanation of complex concrete phenomena as such, 
but at the determination of certain “ abstract ” quanti- 
tative delations and sequences known as the “ laws ” 
of mechanidfe, physics, and chemistry, which never are 
manifested in a pure form, but always are inferred by 
observation and experiment upon complex phenomena 
in which the abstract laws are disguised by their 
simultaneous iliteraction. The group of concrete 


u 
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sciences includes Astronomy, Geology, Biology, and 
Sociology. These sciences have for their aim to “ ex- 
plain” the concrete complex phenomena of {a) the 
sidereal system, (6) the earth as a •whole, (c) the living 
matter on the earth’s surface, (d) human society, by 
reference to the properties of matter set forth in 
the generalisations or laws of the abstract -concrete 
sciences, ie. of mechanics, physics, and chemistry. 

The classification thus sketched exhibits, whatever 
its practical demerits, the most important fact with 
regard to Biology, namely, that it is the aim or busi- 
ness of those occupied with that branch of science to 
assign living things, in all their variety of form and 
activity, to the one set of forces recognised by the 
physicist and chemist. Just as the astronomer ac- 
counts for the heavenly bodies and their movements 
by the laws of motion and the property of attraction, 
as the geologist explains the present state of the earth’s 
crust by the long-continued action of the same forces 
which at this moment are studied and treated in the 
form of “laws” by physicists and chemists, so the 
biologist seeks to explain in all its details the long 
process of the evolution of the innumerable forms of 
life now existing, or which have existed in the past, 
as a necessary outcome, an automatic product, of these 
same forces. 

Science may be defined as the knowledge of causes; 
and, so long as Biology was not a conscious attempt 
to ascertain the causes of living things, it could not 
be rightly grouped with other branches of science. 
For a very long period the two parallel divisions of 
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Biology, — Botany and Zoology, — were actually limited 
to the accumulation of observations, which were noted, 
tabulated, and contemplated by the students of these 
subjects with wonder and delight, but only to a limited 
extent and in restricted classes of facts with any hope 
or intention of connecting the phenomena observed 
with the great nexus of physical sequence or causa- 
tion, A vague desire to assign the forms and the 
activities of living things in all their variety to general 
causes has always been present to thoughtful men 
from the earliest times of which we have record, but 
the earlier attempts in this direction were fantastic in 
the extreme ; and it is the mere truth that, at the 
time when the phenomena of inorganic nature had 
been recognised as the outcome of uniform and con- 
stant properties capable of analysis and measurement, 
living things were still left hopelessly out of the 
domain of explanation, the earlier theories having been 
rejected and nothing as yet suggested in their place. 

The history of Zoology as a science is therefore the 
history of the great biological doctrine of the evolution 
of living things by the natural selection of varieties 
in the struggle for existence, — since that doctrine is 
the one medium whereby all the phenomena of life, 
whether of form or function, are rendered capable of 
explanation by the laws of physics and chemistry, 
and so made the subject-matter of a true science or 
study of causes. A history of Zoology must take 
account of the growth of those various kinds of infor- 
mation with regard to ^animal life which have been 
arrived at in past ages through the labours of a long 
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series of ardent lovers of nature, who in each succeed- 
ing period have more and more carefully and accurately 
tested, proved, arranged, and tabulated their know- 
ledge, until at last the accumulated lore of centuries 
— ^without the conscious act of its latest heirs and 
cultivators — took the form of the doctrine of descent 
and the filiation of the animal series. 

General Historical, Sketch 

There is something almost pathetic in the childish 
wonder and delight with which mankind in its earlier 
phases of civilisation gathered up and treasured stories 
of strange animals from distant lands or deep seas, 
such as are recorded in the Physiologus, in Albertus 
Magnus, and even at the present day in the popular 
treatises of Japan and China. That omnivorous uni- 
versally credulous stage, which may be called the 
“ legendary,” was succeeded by the age' of col^ector3 
and travellers, when many of the strange stories be- 
lieved in were actually demonstrated as true by the 
living or preserved trophies brought to Europe by 
adventurous navigators. The possibility of verifica- 
tion established verification as a habit ; and the 
collecting of things, instead of the accumulating of 
reports, developed a new faculty of minute observa- 
tion. The early collectors of natural curiosities were 
the founders of zoological science, and to this day the 
naturalist-traveller and his correlative, the museum 
curator and systematist, play a most ijnportant part 
in the progress of Zoolo^. indeed, the historical and 
present importance of this aspect or branch of zoolo- 
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gical science is so great that the name “ Zoology ” has 
until recently been associated entirely with it, to the 
exclusion of the study of minute anatomical structure 
arid function which have been distinguished as Ana- 
tomy and Physiology. It is a curious result of the 
steps of the historical progress of the two divisions of 
biological science that, whilst the word “ Botany ” has 
always been understood, and is at the present day 
understood, as embfacing the study, not only of the 
external forms of plants, their systematic nomenclature 
and classification, and their geographical distribution, 
but also the study of their minute structure, their 
organs of nutrition and reproduction, and the mode 
of action of the mechanism furnished by those organs, 
the word “ Zoology ” has been limited to such a know- 
ledge of animals as the travelling sportsman could 
acquire in making his collections of skins of beasts 
and birds, of dried insects and molluscs’ shells, and 
such a knowledge as the museum curator could acquire 
by the examination and classification of these portable 
objects. Anatomy and the study of animal mechanism, 
animal physics, and animal chemistry, all of which 
form part of a true Zoology, have been excluded from 
the usual definition of the word by the mere accident 
that t|je zoologist of the last three centuries has had 
his museum but has not had his garden of living 
specimens as the botanist has had ; ^ and, whilst the 

1 The medioBval attitude towaids both plants and animals had no 
relation to real knowledge, but was part of a peculiar and in itself 
highly interesting mysticism. A fantastic and elaborate doctrine of 
symbolism existedVhich comprised aAl nature ; ivitchcraft, alchemy, 
and medicine were its practical expressions. Animals as well as plants 
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zoologist has thus for a long time been deprived of 
the means of anatomical and physiological study — 
only supplied within the past century by the method 
of preserving animal bodies in alcohol — the demands 
of medicine for a knowledge of the structure of the 
human animal have in the meantime brought into 
existence a separate and special study of human 
Anatomy and Physiology. 

From these special studies of human structure the 
knowledge of the anatomy of animals has proceeded, 
the same investigator who had made himself acquainted 
with the structure of the human body desiring to 
compare with the standard given by human anatomy 
the structures of other animals. Thus Comparative 
Anatomy came into existence as a branch of inquiry 
apart from Zoology, and it is only now, in the latter 
part of the nineteenth century, that the limitation of 
the word “ Zoology ” to a knowledge of animals which 
expressly excludes the consideration of their internal 
structure has been rejected by the general consent of 
those concerned in the progress of science ; it is now 
generally recognised that it is mere tautology to speak 
of Zoology and Comparative Anatomy, and that our 
museum naturalists must give attention as well to the 
inside as to the outside of animals. , 

The Anatomy and Physiology of plants, have never 
been excluded from the attention of botanists, because 

were regarded as simples ” and used in medicine, and a knowledge 
of them was valued from this point of view. Plants were collected 
and cultivated for medicinal u»e ; hen6e the physib gardens and the 
botanist’s advantage. 
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in contrast to the earlier zoologists they always were 
in possession of the whole living plant, raised from 
seed if need be in a* hothouse, instead of having only 
a dried skin, skeleton, or shell. Consequently the 
study of vegetable Anatomy and Physiology has grown 
up naturally and in a healthy way in strict relation 
to the rest of botanical knowledge, whilst animal Ana- 
tomy and Physiology have been external to Zoology 
in origin, the product of the medical profession and, 
as a consequence, subjected to a misleading anthropo- 
centric method. 

Whilst we may consider the day as gone by in 
which Zoology could be regarded as connoting solely 
a special museum knowledge of animals (as twenty- 
five years ago was still the case), it is interesting to 
observe by the way the curious usurpation of the 
word “ Physiology,” which, from having a wide conno- 
tation, indicated by its etymology, — the physiologus 
of the Middle Ages being nothing more nor less than 
the naturalist or student of nature — ^has in these later 
days acquired a limitation which it is difficult to 
justify or exphain. Physiology to-day means the 
study of the' physical and chemical properties of the 
animal or vegetable body, and is even distinguished 
from tl^e study of structure and strictly confined to 
the study ofi function. It would hardly be in place 
here to discuss at length the steps by which Physio- 
logy became thus limited, any more than to trace 
those by which the words “physician” and “physicist” 
(which both naean one* who .occupies himself with 
nature) have com6 to signify respectively a medical 
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practitioner and a student of the laws of mechanics, 
heat, light, and electricity (but not of chemistry), 
whilst the word “ naturalist ” is very usually limited to 
a lover and student of living things, to the exclusion 
of the so-called physicist, the chemist, and the astro- 
nomer. It is probable that Physiology acquired its 
present significance, viz. the study of the properties 
and functions of the tissues and organs of living things, 
by a process of external attraction and spoliation 
which gradually removed from the ongmsl physiologus 
all his belongings and assigned them to newly-named 
and independently -constituted sciences, leaving at 
last, as a residuum to which the word might still be 
applied, that medical aspect of life which is concerned 
with the workings of the living organism regarded as 
a piece of physico-chemical apparatus. 

Whatever may be the history of the word “ Physi- 
ology,” we find Zoology, which really started in the 
sixteenth century with the awakening of the new 
spirit of observation and exploration, for a long time 
running a separate course uninfluenced by the progress 
of the medical studies of Anatomy and Physiology. 
The history of every branch of science involves a 
recognition of the history, not only of other branches of 
science, but of the progress of human society in every 
other relation. The century which destroyed the 
authority of the Church, witnessed the discovery of 
the New World, and in England produced the writings 
of Francis Bacon is rightly regarded as the starting- 
point of the modern knowledge of imtural causes or 
science. The true history of Zoology as a science lies 
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within the three last centuries; and, whilst the 
theories and fables which were current in earlier times 
in regard to animal life and the various kinds of 
animals form an important subject of study from the 
point of view of the history of the development of the 
human mind, they really have no bearing upon the 
history of scientific Zoology. The great awakening 
of western Europe in the sixteenth century led to an 
active search for knowledge by means of observation 
and experiment, which found its natural home in the 
universities. Owing to the connection of medicine 
with these seats of learning, it was natural that the 
study of the structure and functions of the human 
body and of the animals nearest to man should take 
root there ; the spirit of inquiry which now for the 
first time became general showed itself in the ana- 
tomical schools of the Italian universities of the six- 
teenth century, and spread fifty years later to Oxford. 

In the seventeenth century the lovers of the new 
philosophy, the investigators of nature by means of ob- 
servation and experiment, banded themselves into aca- 
demies or societies for mutual support and intercourse. 
It is difficult to exaggerate th,e importance of the influ- 
ence which has been exercised by these associations 
upon the progress of all branches of science and of Zoo- 
logy especially. The essential importance of academies 
is to be found, as Laplace, the great French astronomer, 
has saidi “in the philosophic spirit which develops 
itself in them and spreads itself from them as centres 
over an entire nation and all relations. The isolated 
man of science can give himself up to dogmatism 
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without restraint ; he hears contradictions only from 
afar. But in a learned society the enunciation of 
dogmatic views leads rapidly to thgir destruction, and 
the desire of each member to convince the others 
necessarily leads to the agreement to admit nothing 
excepting what is the result of observation or of 
mathematical calculation.” 

The first founded of surviving European academies, 
the Academia Naturie Curiosorunl (1651),^ especially 
confined itself to the description and illustration of 
the structure of plants and animals ; eleven years later 
(1662) the Royal Society of London was incorporated 
by royal charter, having existed without a name or 
fixed organisation for seventeen years previously (from 
1645). A little later the Academy of Sciences of Paris 
was established by Louis XIV. The influence of these 
great academies of the seventeenth century on the 
progress of Zoology was precisely to effect that bring- 
ing together of the museum-men and the physicians 
or anatomists which was needed for further develop- 
ment. Whilst the race of collectors and systematisers 
culminated in the latter part of the eighteenth century 
in Linnaeus, a new type of student made its appearance 
in such men as John Hunter and other anatomists, 
who, not satisfied with the superficial observations of 
the popular “ zoologists,” set themselves to work to 
examine anatomically the whole animal kingdom, and 
to classify its members by aid of the results of such 
profound study. From them we pass to the compara- 

' The Academia Secretoram Natur& vraa founSed at Naples in 
1660, but was suppressed by the ecclesiastical authorities. 
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tive anatomists of the nineteenth century and the 
introduction of the microscope as a serious instrument 
of accurate observation. 

The influence of the scientific academies and the 
spirit in which they worked in the seventeenth century 
cannot be better illustrated than by an examination of 
the early records of the Royal Society of London. The 
spirit which animated the founders and leaders of that 
society is clearly indicated in its motto “ Nullius in 
verba.” Marvellous narrations were not permitted at 
the meetings of the society, but solely demonstrative 
experiments or the exhibition of actual specimens. 
Definite rules were laid down by the society for its 
guidance, designed to ensure the collection of solid 
facts and the testing of statements embodying novel 
or remarkable observations. Under the influence of 
the touchstone of strict inquiry set on foot by the 
Royal Society, the marvels of witchcraft, sympathetic 
powders, and other relics of mediieval superstition 
disappeared like a mist before the sun, whilst accurate 
observations and demonstrations of a host of new 
wonders accumulated, amongst which were numerous 
contributions to the anatomy of animals, and none per- 
haps more noteworthy than the observations, made by 
the aid.of microscopes constructed by himself, of Leeu- 
wenhoek, the Dutch naturalist (1683), some of whose 
instruments were presented by him to the society. 

It was not until the nineteenth century that the 
microscope, thus early applied by Leeuwenhoek, Mal- 
pighi, Hook, au4 Swammerdam to the study of animal 
structure, was perfected as an instrument, and accom- 
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plished for Zoology its final and most important 
service. The earlier half of the nineteenth century is 
remarkable for the rise, growth, and full development 
of a new current of thought in relation to living 
things, expressed in the various doctrines of develop- 
ment which were promulgated, whether in relation to 
the origin of individual animals and plants or in rela- 
tion to their origin from predecessors in past ages. 
The perfecting of the microscope led to a full compre- 
hension of the great doctrine of cell-structure and the 
establishment of the facts — (1 ) that all organisms are 
either single corpuscles (so-called cells) of living 
material (microscopic animalcules, etc.) or are built up 
of an immense number of such units ; (2) that all 
organisms begin their individual existence as a single 
unit or corpuscle of living substance, which multiplies 
by binary fission, the products growing in size and 
multiplying similarly by binary fission } and (3) that 
the life of a multicellular organism is the sum of the 
activities of the corpuscular units of which it consists, 
and that the processes of life must be studied in and 
their explanation obtained from an understanding of 
the chemical and physical changes which go on in each 
individual corpuscle or unit of living material or pro- 
toplasm (cell-theory of Schwann). 

On the other hand, the astronomical theories of 
development of the solar system from a gaseous con- 
dition to its present form, put forward by Kant and 
by Laplace, had impressed men’s minds with the con- 
ception of a general movemenl; of spont{».neous progress 
or development in all nature ; and, though such ideas 
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were not new but are to be found in some of the 
ancient Greek philosophers, yet now for the first time 
they could be considered with a suificient knowledge 
and certainty as to t£e facts, due to the careful observa- 
tion of the two preceding centuries. The science of 
Geology came into existence, and the whole panorama 
of successive stages of the earth’s history, each with 
its d^tinct population of strange animals and plants, 
unlike those of the present day and simpler in propor- 
tion as they recede into the past, was revealed by Cuvier, 
Agassiz, and others. The history of the crust of the 
earth was explained by Lyell as due to a process of 
slow development, in order to efiect which he called 
in no cataclysmic agencies, no mysterious forces differ- 
ing from those operating at the present day. Thus 
he carried on the narrative of orderly development 
from the point at which it was left by Kant and 
Laplatfe, — explaining by reference to the ascertained 
laws of physics and chemistry the configuration of the 
earth, its mountains and seas, its igneous and its 
stratified rocks, just as the astronomers had explained 
by those same laws the evolution of the sun and planets 
from diffused gaseous matter of high temperature. 

The suggestion that living things must also be 
included in this great development was obvious. 
They had been so included by poet-philosophers in 
past ages ; they were so included by many a simple- 
minded student of nature who, watching the growth 
of the tree fi:om the seed, formed a true but unverified 
inference in fa^mur of a general process of growth and 
development of all things from simpler beginnings. 
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The delay in the establishment of the doctrine of 
organic evolution was due, not to the ignorant, and 
unobservant, but to the leaders of zoological and 
botanical science. Knowing as they did the almost 
endless complexity of organic structures, realising as 
they did that man himself with all the mystery of his 
life and consciousness must be included in any explana- 
tion of the origin of living things, they preferred to 
regard living things as something apart from the rest 
of nature, specially cared for, specially created by a 
Divine Being, rather than to indulge in hj^otheses 
which seemed to be beyond all possibility of proof, 
and were rather of the nature of poets’ dreams than 
in accordance with the principles of that new philo- 
sophy of rigid adherence to fact and demonstration 
which had hitherto served as the mainsprings of scien- 
tific progress. Thus it was that the so-called “ Natur- 
philosophen” of the last decade of the eighteenth 
century, and their successors in the first quarter of 
the nineteenth, found few adherents among the working 
zoologists and botanists. Lamarck, Treviranus, Eras- 
mus Darwin, Goethe, and Saint-Hilaire preached to 
deaf ears, for they advanced the theory that living 
beings had developed by a slow process of transmuta- 
tion in successive generations from simpler ancestors, 
and in the beginning from simplest formless matter, 
without being able to demonstrate any existing 
mechanical causes by which such development" must 
necessarily be brought about. They were met in fact 
by the criticism that possibly such a development had 
taken place ; but, as nb one could show as a simple 
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fact of observation that it had taken place, nor as a 
result of legitimate inference that it must have taken 
place, it was quite as likely that the past and present 
species of animals * and plants had been separately 
created qj: individually brought into existence by 
unknown and inscrutable causes, and (it was held) 
the truly scientific man would refuse to occupy 
himself with such fancies, whilst ever continuing to 
concern himself with the observation and record 
of indisputable facts. The critics did well ; for the 
“ Natur-philosophen,” though right in their main 
conception, were premature. 

It was reserved for Charles Darwin, in the year 
1859, to place the whole theory of organic evolution 
on a new footing, and by his discovery of a mechani- 
cal cause actually existing and demonstrable, by which 
organic evolution must be brought about, to entirely 
change the a1;l;itude in regard to it of even the most 
rigid exponents of the scientific method. Since its 
first publication in 1859 the history of Darwin’s theory 
has been one of continuous and decisive conquest, so 
that at the present day it is universally accepted as 
the central, all-embracing doctrine of zoological and 
botanical science. 

Darwin succeeded in establishing the doctrine of 
organie’evolution by the introduction into the web of 
the zoologicS.1 and botanical sciences of a new science. 
The, subject-matter of this new science, or branch of 
biological science, had been neglected : it did not 
form part of the studies of the collector and system- 
atist, nor was ^t a branch of anatomy, nor of the 
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physiology pursued by medical men, nor again was it 
included in the field of microscopy and the cell-theory. 
The area of biological knowledge which Darwin was 
the first to subject to scientific m^hod and to render, 
as it were, contributory to the great streajn formed 
by the union of the various branches, the outlines of 
which we have already traced, is that which relates to 
the breeding of animals and plants, their congenital 
variations, and the transmission and perpetuation of 
those variations. This branch of biological science 
may be called Thremmatology {dpifi/ia, “a thing 
bred”). Outside the scientific world an immense 
mass of observation and experiment had grown up in 
relation to this subject. From the earliest times the 
shepherd, the farmer, the horticulturist, and the 
“ fancier ” had for practical purposes made themselves 
acquainted with a number of biological laws, and 
successfully applied them without excitjng more than 
an occasional notice from the academic students of 
Biology. It is one of Darwin’s great merits to have 
made use of these observations and to have formu- 
lated their results to a large extent as the laws of 
variation and heredity. As the breeder selects a con- 
genital variation which suits his requirements, and by 
breeding from the animals {or plants) exhibiting that 
variation obtains a new breed specially characterised 
by that variation, so in nature is there a selection 
amongst all the congenital variations of each genera- 
tion of a species. This selection depends on the fact 
that more young are born than the natural provision 
of food will support. In consequence of this excess 
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of births there is a struggle for existence and a sur- 
vival of the fittest, and consequently an ever-present 
necessarily -acting selection, which either maintains 
accurately the form of the species from generation to 
generation, or leads to its modification in correspond- 
ence with changes in the surrounding circumstances 
which have relation to its fitness for success in the 
struggle for life. 

Darwin’s introdiiction of Thremmatology into the 
domain of scientific Biology was accompanied by a 
new and special development of a branch of study 
which had previously been known as Teleology, the 
study of the adaptation of organic structures to the 
service of the organisms in which they occur. It 
cannot be said that previously to Darwin there had 
been any very profound study of Teleology, but it had 
been the delight of a certain type of mind — that of 
the lovers of» nature or naturalists par excellence^ as 
they were sometimes termed — to watch the habits of 
living animals and plants, and to point out the re- 
markable ways in which the structure of each variety 
of organic life was adapted to the special circum- 
stances of life of the variety or species. The astonish- 
ing colours and grotesque forms of some animals and 
plants which the museum zoologists gravely described 
without comment were shown by these observers of 
living nature to have their significance in the eco- 
nomy of the organism possessing them ; and a general 
doctrine was recognised, to the effect that no part or 
structure of ai^ organism is without definite use and 
adaptation, being designed by the Creator for the 

X ^ 
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benefit of the creature to which it belongs, or else for 
the benefit, amusement, or instruction of his highest 
creature — man. Teleology in this form of the 

doctrine of design was never very deeply rooted 
amongst scientific anatomists and systematists. It 
was considered permissible to speculate somewhat 
vaguely on the subject of the utility of this or that 
startling variety of structure ; but few attempts, 
though some of great importance, were made to 
systematically explain by observation and experiment 
the adaptation of organic structures to particular pur- 
poses in the case of the lower animals and plants. 
Teleology had, however, an important part in the 
evelopment of what is called Physiology, viz. the 
knowledge of the mechanism, the physical and 
chemical properties, of the parts of the body of man 
and the higher animals allied to him. The doctrine 
of organs and functions — ^the organ designed so as to 
execute the function, and the whole system of organs 
and functions building up a complex mechanism, the 
complete animal or plant — was teleological in origin, 
and led to brilliant discoveries in the hands of the 
physiologists of the last and the preceding century. 
As applied to lower and more obscure forms of life. 
Teleology presented almost insurmountable difficulties ; 
and consequently, in place of exact experiment and 
demonstration, the most reckless though ingenious 
assumptions were made as to the utility of the parts 
and organs of lower animals, which tended to bring 
so-called Comparative Physiology and Teleology gener- 
ally into disrepute. l)arwin’s theory had as one of 
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its results the reformation and rehabilitation of Tele- 
ology. According to that theory, every organ, every 
part, colour, and ^peculiarity of an organism, must 
either be of benefit to that organism itself, or have 
been so to its ancestors : ^ no peculiarity of structure 
or general conformation, no habit or instinct in any 
organism, can be supposed to exist for the benefit or 
amusement of another organism, not even for the 
delectation of man timsclf. Necessarily, according to 
the theory of natural selection, structures either are 
present because they are selected as useful, or because 
they arc still inherited from ancestors to whom they 
were useful, though no longer useful to the existing 
representatives of those ancestors. 

The conception thus put forward entirely re- 
founded Teleology. Structures previously inexplic- 
able were explained as survivals from a past age, no 
longer useful though once of value. Every variety of 
form and colour was urgently and absolutely called 
upon to produce its title to existence either as an 
active useful agent or as a survival. Darwin himself 
spent a large part of the later years of his life in thus 
extending the new Teleology. A beginning only has 
as yet been made in the new life of that branch of 
zoological and botanical study. 

^ At the same time the fact that a useless variation of one part or 
organ may be a necessary accompaniment of a useful variation of 
another part or organ, was pointed out by Darwin, who applied the 
terms “ correlation of variation,” and “ correlation of growth ” to this 
phenomenon. The importance of the “ solidarity ” of the constituent 
parts of the organic can scarcely be over-estimated : it was recognised 
in other terms by Cuvier and the earlier morphologists. 
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The old doctrine of types, which was used by the 
philosophically-minded zoologists (and botanists) of 
the first half of the century as ^ ready means of 
explaining the failures and difficulties of the doctrine 
of design, fell into its proper place under 'the new 
dispensation. The adherence to type, the favourite 
conception of the transcendental morphologist, was seen 
to be nothing more thap the expression of one of the 
liws of Thremmatology, viz. the persistence of heredi- 
tary transmission of ancestral characters, even when 
they have ceased to be significant or valuable in the 
struggle for existence : whilst the so-called evidences 
of design which was supposed to modify the limita- 
tions of types assigned to himself by the Creator 
were seen to be adaptations duo to the selection and 
intensification by selective breeding of fortuitous 
congenital variations, which happened to prove more 
useful than the many thousand oth^r variations 
which did not survive in the struggle for existence. 

Thus not only did Darwin’s theory give a new 
basis to the study of organic structure, but, whilst 
rendering the general theory of organic evolution 
equally acceptable and necessary, it explained the 
existence of low and simple forms of life as survivals 
of the earliest ancestry of more highly complex forms, 
and revealed the classifications of the systematist as 
unconscious attempts to construct the genealogical 
tree or pedigree of plants and animals. Finally, it 
brought the simplest living matter or formless proto- 
plasm before the mental vision as the starting-point 
whence, by the operation of necessary mechanical 
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causes, the highest forms have been evolved, and it 
rendered unavoidable the conclusion that this earliest 
living material was itself evolved by gradual processes, 
the result also of the known and recognised laws of 
physics ’and chemistry, from material which we should 
call not living. It abolished the conception of life as 
an entity above and beyond the common properties 
of matter, and led to the conviction that the marvel- 
lous and exceptional qualities of that which we call 
“ living ” matter are nothing more nor less than an 
exceptionally complicated development of those chemi- 
cal and physical properties which we recognise in a 
gradually ascending scale of evolution in the carbon 
compounds, containing nitrogen as well as oxygen, 
sulphur, and hydrogen as constituent atoms of their 
enormous molecules. Thus mysticism was finally 
banished from the domain of Biology, and Zoology 
became onS of the physical sciences, — the science 
which seeks to arrange and discuss the phenomena of 
animal life and form as the outcome of the operation 
of the laws of physics and chemistry. 


Nature and Scope of Zoology 

The brief historical outline above given is sufficient 
to justify jis in rejecting, for the purposes of an ade- 
quate appreciation of the history and scope of Zoology, 
that simple division of the science into Morphology 
and Physiology which is a favourite one at the present 
day. No doijbt the division is a logical one, based as 
it is upon the distinction of the study of form and 



310 


THE HISTOKY AND SCOPE OF ZOOLOGY 


IX 


structure in themselves (Morphology) from the study 
of what are the activities and functions of the forms 
and structures (Physiology). Such logical divisions 
are possible upon a variety of bases, but are not neces- 
sarily conducive to the ascertainment and ‘remem- 
brance of the historical progress and present signifi- 
cance of the science to which they are applied. As a 
matter of convenience and as the outcome of historical 
events it happens that in the universities of Europe, 
whilst Botany in its entirety is usually represented by 
one chair, the animal side of Biology is represented by 
a chair of so-called Zoology, which is understood as the 
old-fashioned systematic Zoology, a chair of human and 
comparative Anatomy, and a chair of Physiology 
(signifying the mechanics, physics, and chemistry of 
animals especially in relation to man). Fifty years 
ago the chairs of Anatomy and Physiology were united 
in one. No such distinction of mental activities as 
that involved in the division of the study of animal 
life into Morphology and Physiology has ever really 
existed : the investigator of animal forms has never 
entirely ignored the functions of the forms studied by 
him, and the experimental inquirer into the functions 
and properties of animal tissues and organs has always 
taken very careful account of the forms of those t, issues 
and organs. 

A more instructive subdivision of the science of 
animal Biology or Zoology is one which shall corre- 
spond to the separate currents of thought and mental 
preoccupation which havq been historically manifested 
in western Europe in the gradual evolution of what is 
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to-day the great river of zoological doctrine to which 
they have all been rendered contributory. Such a 
subdivision of Zoolqgy, whilst it enables us to trace the 
history of thought, corresponds very closely with the 
actual varieties of mental attitude exhibited at the 
present day by the devotees of zoological study, 
though it must be remembered that the gathering 
together of all the separate currents by Darwin is 
certain sooner or lattir to entail new developments and 
branchings of the stream. 

We accordingly recognise the following five 
branches of zoological study : — 

1. Morphography . — The work of the collector 

and systematist : exemplified by Linnaeus and 
his predecessors, by Cuvier, Agassiz, Haeckel. 

2. Bionomics . — The lore of the farmer, gardener. 

sportsman, fancier, and field-naturalist, in- 
clucling Thremmatology, or the science of 
breeding, and the allied Teleology, or science 
of organic adaptations : exemplified by the 
patriarch Jacob, the poet Virgil, Sprengel, 
Kirby and Spence, Wallace and Darwin. 

3. Zoo-Dynamics, Zoo-Physics, Zoo-Chemistry. 

— The pursuit of the learned physician, — 
, Anatomy and Physiology : exemplified by 
E[arvey, Haller, Hunter, Johann Muller and 
the modern school of experimental physio- 
logists. 

4. Plasmology, — The study of the ultimate cor- 

puscles of living matter, their structure, de- 
velopment, and properties, by the aid of the 
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microscope ; exemplified by Malpighi, Hook, 
Schwann, Kowalewsky, and Metschnikoff. 

5. Philosophical Zoology. — (Jleneral conceptions 
with regard to the relations of living things 
(especially animals) to the universe, to man, 
and to the Creator, their origin and signifi- 
cance : exemplified in the writings of the 
philosophers of classical antiquity, and of 
Linnaeus, Goethe, Lamtirck, Cuvier, Lyell, 
H. Spencer, and Darwin. 

It is true that it is impossible to assign the great 
names of the present century to a single one of the 
subdivisions of the science thus recognised. With 
men of an earlier date such special assignment is pos- 
sible, and there would be no difficulty about thus 
separating the minor specialists of modern times. 
But the fact is that as we approach Darwin’s epoch 
we find the separate streams more and! more freely 
connected with one another by anastomosing branches. 
The men who have left their mark on the progress of 
science have been precisely those who have been in- 
strumental in bringing about such confluence, and 
have distinguished themselves by the influence of 
their discoveries or generalisations upon several lines 
of work. At last, in Darwin we find a name, which 
might appear in each of our subdivi8ions,-^a zoologist 
to whose doctrine all are contributory, and by whose 
labours aU are united and reformed. 

We shall now briefly sketch the history of these 
streams of thought, premising that ODe has (so far as 
the last three centuries are concerned) but little start 
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of another, and that sooner or later the influence of 
the progress of one branch makes itself felt in the 
progress of another. 

• Moephography 

Under this head we include the systematic ex- 
ploration and tabulation of the facts, involved in the 
recognition of all the recent and extinct kinds of 
animals and their ‘distribution in space and time. 
The chief varieties of zoological workers coming under 
this head are (1) the museum-makers of old days and 
their modern representatives the curators and de- 
scribers of zoological collections, (2) early explorers 
and modern naturalist-travellers and writers on zoo- 
geography, and (3) collectors of fossils and palaeonto- 
logists. Gradually since the time of Hunter and 
Cuvier anatomical study has associated itself with the 
more* superficial morphography until to-day no one 
considers a study of animal form of any value which 
does not include internal structure. Histology, and 
Embryology in its scope. 

The real dawn of Zoology after the legendary 
period of the Middle Ages is connected with the name 
of an Englishman, Wotton, born at Oxford in 1492, 
who pj^actised as a physician in London and died in 
1555. Hq published a treatise De Differentiis Ani- 
malium at Paris in 1552. In many respects Wotton 
was simply an exponent of Aristotle, whose teaching, 
with various fanciful additions, constituted the real 
basis of zoological 'knowledge throughout the Middle 
Ages. It was Wotton’s merit that he rejected the 
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legendary and fantastic accretions, and returned to 
Aristotle and the observation of nature. The most 
ready means of noting the progress of Zoology during 
the sixteenth, seventeenth, and eighteenth centuries is 
to eompare the classifieatory coneeptions of successive 
naturalists with those whieh are to be found in the works 
of Aristotle himself. Aristotle did not definitely and 
in tabular form propound a classification of animals, 
but from a study of his treatises Historia Animalium, 
De Generatione Animalium, and De Partihus Anima- 
liicm the following elassification can be arrived at : — 

A. *'Evai|jLa, blood-holding animals ( = Vertebrata), 

1. 7jOiOTOKovvTa €v avTois, vivijiarous Encema ( = Mammals, in- 
cluding the Whale). 

2. "(Vt/t(9€s ( = Birds). 

3. XcTpaTToStt r) airoSa (LoroKovvray four-footed or legless Ervcuraa 
which lay eggs ( = Eeptiles and Ampli/ihia). 

4. ( = Fishes). 

B. Avatjjia, bloodless animals ( = Invertehrata). , 

1. MaAaKttt, soft-bodied Ancema { — Ceplmlopoaa), 

2. MaAafcoo-T/Da/ca, soft-hhelled Amema ( = Crustacea). 

3. "'EvTo/xa, insected Ancpina or Insects — Arthropoda^ ex- 
clusive of Crustacea). 

4. 'Oa-rpaKoSepfiaTa, shell-bearing Ancema ( = Echini, Gastro- 
poda, and LameUibranchia). 

Wotton follows Aristotle in the division of animals 
into the Enoema and the Ancema, and in fact in the 
recognition of all the groups above given, adding only 
one large group to those recognised by Aristotle under 
the Ancema, namely, the group of Zoophyta, in which 
Wotton includes the Holothurise, Star-Fishes, Medusae, 
Sea- Anemones, and Sponges. Wotton divides the 
viviparous quadrupeds into the manjfcrtoed, double- 
hoofed, and single-hoofed. By the introduction of a 
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method of classification which was due to the super- 
ficial Pliny, — ^viz. one depending, not on structure, 
but on the medium inhabited by an animal, whether 
earth, air, or water, — Wotton is led to associate Fishes 
and Whale's as aquatic animals. But this is only a 

L>,.^nrHTT fHafT-noaxiinL^vi j-Ln 


kinds. 

Conrad Gesner (1516-15G5), who was a physician 
and held professorial ‘chairs in various Swiss cities, is 
the most voluminous and instructive of these earliest 
writers on systematic Zoology, and was so highly 
esteemed that his Ilistoria Animalium was repub- 
lished a hundred years after his death. His great 
work appeared in successive parts, — e.g. Vivipdra, 
Ovipara, Aves, Pisces, Serpentes et Scorpio , — and con- 
tains descriptions and illustrations of a large number 
of animal forms with reference to the lands inhabited 
by them. Ge^ner’s work, like that of John Johnstone 
(6. 1603), who was of Scottish descent and studied at 
St. Andrews, and like that of Ulysses Aklrovandi of 
Bologna (&. 1522), was essentially a compilation, more 
or less critical, of all such records, pictures, and 
relations concerning beasts, birds, reptiles, fishes, and 
monsters as could be gathered together by one reading 
in the gjeat libraries of Europe, travelling from city 
to city, and .frequenting the company of those who 
either had themselves passed into distant lands or 
possessed the letters written and sometimes the speci- 
mens brought home by adventurous persons. 

The exploration of parts of the New World next 
brought to hand descriptions and specimens of many 
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novel forms of animal life, and in the latter part of 
the sixteenth century and the beginning of the seven- 
teenth that careful study by “ specialists ” of the struc- 
ture and life-history of particular groups of animals was 
commenced which, directed at first to common and 
familiar kinds, was gradually extended until it formed 
a sufficient body of knowledge to serve as an anatomical 
basis for classification. This minuter study had two 
origins, one in the researches of the medical anatomists, 
such as Fabricius (1537-1619), Severinus (1580-1656), 
Harvey (1578-1657), and Tyson (1649-1708), the 
other in the careful work of the entomologists and 
first microscopists, such as Malpighi (1628-1694), 
Swammerdam (1637-1680), and Hook (1635-1702). 
The commencement of anatomical investigations de- 
serves notice here as influencing the general accuracy 
and minuteness with which zoological work was 
prosecuted, but it was not until a late date that their 
full influence was brought to bear upon systematic 
Zoology l>y Georges Cuvier (1769-1832). 

The most prominent name between that of Gesner 
and Linnajus in the history of systematic Zoology is 
that of John Ray. Though not so extensive as that 
of Linnaeus, his work is of the highest importance, 
and rendered the subsequent labours of the Swedish 
naturalist far easier than they would otherwise have 
been. A chief merit of Ray is to have limited the 
term “ species ” and to have assigned to it the signifi- 
cance which it has until the Darwinian era borne, 
whereas previously it was loosely and wagucly applied. 
He also made considerable use of anatomical characters 
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in his definitions of larger groups, and may thus be 
considered as the father of modern Zoology. Associ- 
ated with Eay in his work, and more especially 
occupied with the study of the Worms and Mollusca, 
was Martin Lister (1638-1712), who is celebrated also 
as the author of the first geological map. 

After Eay’s death in London in 1705 the progress 
of anatomical knowledge, and of the discovery and 
illustration of new forms of animal life from distant 
lands, continued with increasing vigour. AVe note 
the names of Vallisnieri (1661-1730) and Alexander 
Monro (1697-1767); the travellers Tournefort (1656- 
1708) and Shaw (1692-1751); the collectors Eumphius 
(1637-1706) and Ilans Sloane (1660-1753); the 
entomologist E^aumur (1683-1757); Lhwyd (1703) 
and Linck (1674-1734), the students of Star-Fishes; 
Peyssonel (6. 1694) the investigator of Polyps and 
the o^ponent’of Marsigli and Eeaumur, who held them 
to be plants; Woodward, the palseontologist (1665- 
1722), — not to speak of others of less importance. 

Two years after Eay’s death Carl Linnaeus was 
born. Unlike Jacob Theodore Klein, the town-clerk 
of Dantzig (1685-1759), whose careful treatises on 
various groups of plants and animals were published 
during the period between Eay and Linnaeus, the 
latter had his career marked out for him in a univer- 
sity, that of Upsala, where he was first professor of 
medicine and subsequently of natural history. His 
lectures formed a new departure in the academic 
treatment of ^oology and Botany, which, in direct 
continuity from the Middle Ages, had hitherto been 
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subjected to the traditions of the medical profession 
and regarded as mere branches of “materia medica.” 
Linnaeus taught Zoology and Botany as branches of 
knowledge to be studied for their own intrinsic 
interest, and not for the sake of the “ simples ” yielded 
by animals and plants to the pharmacopeia. His 
great work, the Systema Natures, ran through twelve 
editions during his lifetime (1st ed. 1735, 12th 1768). 
Apart from his special discoveries in the anatomy of 
plants and animals, and his descriptions of new species, 
the great merit of Linnasus was his introduction of a 
method of enumeration and classification which may 
be said to have created systematic Zoology and Botany 
in their present form, and established his name for 
ever as the great organiser, the man who recognised 
a great practical want in the use of language and 
supplied it. Linnaeus adopted Ray’s conception of 
species, but he made species a practical reality by 
insisting that every species shall have a double Latin 
name, — the first half to be the name of the genus 
common to several species, and the second half to be 
the specific name. Previously to Linnaeus long many- 
worded names had been used, sometimes with one 
additional adjective, sometimes with another, so that 
no true names were fixed and accepted. Linnaeus by 
his binomial system made it possible to write and 
speak with accuracy of any given species of plant or 
animal. He was, in fact, the Adam of zoological 
science. He proceeded further to introduce into his 
enumeration of animals and plants a ^^ries of groups, 
viz. genus, order, class, which he compared to the 



IX 


THE HISTORY AND SCOPE OP ZOOLOGY 


319 


subdivisions of an army or the subdivisions of a 
territory, the greater containing several of the less, as 
follows : — 

Class. Order. Genus. Species. Variety. 

Genus sum- Genus inter- Genus proxi- Species. Individuum. 

mum. medium. mum. 

Provincia. Territorium. Paroecia. Pagus. Domicilium. 

Legio. Cohors. Manipulus. Contubernium. Miles. 

Linnaeus himself recognised the purely subjective 
character of his larger groups ; for him species were, 
however, objective: “There are,” he said, “just so 
many species as in the beginning the Infinite Being 
created.” It was reserved for a philosophic zoologist 
of the nineteenth century (Agassiz, Essay on Classifica- 
tion, 1859) to maintain dogmatically that genus, order, 
and class were also objective facts capable of precise 
estimation and valuation. This climax was reached at 
the very moment when Darwin was publishing the 
Origin of Species (1859), by which universal opinion 
has been brought to the position that species, as well 
as genera, orders, and classes, are the subjective ex- 
pressions of a vast ramifying pedigree in which the 
only objective existences are individuals, the ap- 
parent species as well as higher groups being marked 
out, not by any distributive law, but by the purely 
non-significant operation of human experience, which 
cannot transcend the results of death and decay. 

The classification of Linnaeus (from Syst. Nat. 
J[2th ed. 1766) should be compared with that of Aris- 
totle. It is as follows, — the complete list of Linnaean 
genera being here reproduced : — 
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Class I. Mammalia. 

Order 1. Primates, 

Genera : Homo^ Simia, Lemur, Vespertilio. 

„ 2. Bruta, 

Genera : Elephas, Tricliecus, Bradypm, Myrme- 
cophaga, Manis, Dasypus, 

„ 3. Fene, 

Genera : Phoca, Canis, Fells, Viven^a, Mustela, 
Ursus, Didelphys, Talpa, Sorex, Erinaceus. 

„ 4. Glires, 

Genera : Ilystrix, Lepus, Castor, Mus, Sriurus, 
Noctilio, 

„ 5. Pecora. 

Genera ; Gamelus, Moschus, Cervus, Capra, Cuts, 
Bos. 

„ 6 . Bellmp. 

Genera : E(juus, Hippopotamus, Sus, Rhinoceros. 

,, 7. Cete. 

Genera : Monodon, Bahena, Physeter, Delphinus. 

Class II. Aves. 

Order 1. Acciintres. 

Genera : Vultur, Falco, Btrix, Lanins, 

„ 2. Picu>. 

Genera : (a) Trorhiltis, Certhin, fjpwpa, Buphaga, 
Sitta, OHolus, Coracias, Gracula, Corvus, Para- 
disea ; (6) Ramphastos, Trogon, Psittacus, Cro- 
tophaga. Pirns, Yunx, Calculus, Bucco ; (c) 
Buceros, Alcedo, 3feroj)s, I'odos. 

„ 3. Anseres. 

Genera ; (a) Anas, Mergus, Plucetlion, Plotus ; (h) 
Rhyncops, Diomedea, Alca, Procellaria, Pele- 
ranus, Lams, Sterna, Colymhus. 

„ 4. Grallw. 

Genera : (a) Phoenicopterus, Platalea, Palamedea, 
Myrteria, Tantalus, Ardea, Recurvirostra, Scolo- 
pax, Tringa, Fulica, Parra, Rallus, Psophia, 
Cancroma ; (6) Hematopus, Clmradrius, Otis, 
Stmiliio. 

„ 5. Gallinoe. 

Genera : Didus, Pavo, MeleqgHs, Crax, Phasi- 
anus, Tetrao, Numida. 
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Order 6, Passeres, 

Genera : (a) Loxia, Fringilla, Emheriza; (6) Cap- 
rimulgvs, Hirundo^ Pipra ; (c) Turdm, Am- 
pelts, Tanagra, Musdcapa; {d) Parus, Mota- 
dlla, Alauda, Stumus, Columha. 

Class IIIo Amphibia. 

Order 1. Reptilia. 

Genera : Testvdo, Draco, Lacerta, Rana. 

„ 2. Serpentes. 

Genera : Grotalus, Boa, Coluber, Anguis, Amphis- 
hcena, Coecilia. 

„ 3. Nantes. • 

Genera: Petromyzon, Raja, Squalus, Chimcera, 
Lophius, Acipenser, Cyclopterus, Batistes, Os- 
tradon, Tetrodon, Diodon, Gentdscus, Syngna- 
thus, Pegasus. 

Class IV. Pisces. 

Order 1. Apodes. 

Genera ; Muroena, Gymnotus, Trichiurus, Anar- 
rhichas, Ammodytes, Ophidium, Btromateus, 
Xiphias. 

2. Jugular es. 

Genera ; Callionymus, Uranoscopus, Trachinus, 
* Gadus, Blennius. 

„ 3. Thoracid. 

Genera : Cepola, Echeneis, CorypJmna, Gdbius, 
Coitus, Scorpcena, Zeus, Pleuronectes, Chcetodm, 
Sparus, Labrus, Scicena, Perea, Gasterosteus, 
Bcomber, Mullus, Trigla, 

„ 4. Abdominales. 

Genera : Gobitis, Amia, Silurus, Zeuthis, Lori- 
caria, Salmo, Fistularia, Esox, Elops, Argen- 
tina, Atherina, Mugil, Mormyrus, Exocoetus, 
• Polynemus, Clupea, Gyprinus. 

Class V. In^ecta. 

Order 1. Goleoptera. 

Gtenera : (a) Scarabceus, Lucanus, Dermestes, Sis- 
ter, Byrrhus, Gyrinus, Attelabus, Curculio, 
Silpha, Cocdnella ; (b) Bruchus, Cassida, 

%Ptinus, Glirysomela, Uispa, Meloe, Tenehrio, 
Lampyris, Mordhla, Staphylinus ; (c) Ceram- 
Y 
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hyx^ Leptura, GantJvaris^ Elater^ Cidndda^ Bn- 
prestis^ Dytiscus^ Garahus^ Necydalis^ Forfimla, 
Order 2. Hemiptera, 

Genera : Blatta^ Mantis^ Grylltis^ Fulgora, Gi- 
cada, Notonecta^ Fepa, Gimex, Aphis, Ghermes, 
Goccus, Thrips, 

„ 3. Lepidoptera. 

Genera : Papilio, Sphinx, Phhlcena, 

„ 4. Neuroptera. 

Genera: Lihellula, Ephemera, Myrmeleon, Phry- 
ganea, Hemerohius, Panorpa, Raphidia. 

„ 5. Ilymenoptera, 

Genera : Gynips, Tenthredo, Sirex, Ichneumon, 
Sphex, Ghrysis, Vespa, Apis, Formica, MutUla. 
„ 6 . Diptera, 

Genera : (Estrus, Tipula, Musca, Tabanus, Gulex, 
Empis, Gonops, Asilus, Bomhylius, Ilippohosca. 
„ 7. Aptera, 

Genera : (a) Pedibus sex ; capite a thorace dis- 
crete : Lepisma, Podura, Termes, Pedievr 
lus, Pulex, 

(h) Pedibus 8-14 ; capite thoraceque unitis : 
Acarm, Phalangium, Aranea, Scorpio, 
Gancer, Monoculus, Oniscus. 

(c) Pedibus pluribus ; capite a thorace discrete : 
Scolopendra, Julus. 

Class VI. Vermes. 

Order 1. Intestines 

Genera : (a) Pertusa laterali pore : Lumbricus, 
Sipunculus, Fasciola, 

(b) Imperforata : pore laterali nullo : Gordius, 

Ascaris, Hirudo, Myxine, 

,, 2. Mollusca, 

Genera : (a) Ore supero ; basi se affigens : Ac- 
tinia, Ascidia, 

(6) Ore antico; corpore pertuso laterali fora- 
minulo : Umax, Aplysia, Doris, Tethis. 

(c) Ore antico; corpore tentaculis antice cinct'^ : 

Holothuria, Terehella, 

(d) Ore antico,; corpore i brachiato : Triton, 
Sepia, Glio, Lemoea, Scyllcea, 
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{e) Ore antico ; corpore pedato : Aphrodita, 
Nereis, 

(/) Ore infero centrali: Medusa^ Asteria^ 
^ Echinus, 

Order 3. Testacea, 

Genera : (a) Multivalvia : Chiton, Lepas, Pholas, 
(h) Bivalvia ( = Conchce) : My a, Solen, Tellina, 
Gardium, Mactra, Donax, Venus, Spon- 
dylus, Chama, Area, Ostrea, Anemia, 
Mytilus, Pinna, 

Univalvia spira regular! ( = Cochlece) : Argo- 
Tiauta, Nautilus, Conus, Gyprcea, Bulla, 
Valuta, Buccinum, Strombus, Murex, Tro- 
chus, Turbo, Ilelix, Nerita, Ualiotis, 

(d) Univalvia absque spira regular! : Patella, 
Dentalium, Serpula, Teredo, Sabella, 

„ 4, Lithophyta, 

Genera : Tuhipora, Madrepora, Millepora, Celle- 
pora, 

„ 5, Zoophyta, 

Genera : (a) Fixata : Isis, Gorgonia, Alcyonium, 
Spongia, Flustra, Tubularia, Corallina, 
, ^ Sertularia, Vorticella, 

(b) Locomotiva : Hydra, Pennatula, Tcenia, 
Volvox, Furia, Chaos, 

The characters of the six classes are thus given by 
Linnasus ; — 

Cor biloculare, biauritum ; ) viviparis, Mainmalibus; 

Sanguine calido, rubro : J oviparis, Ambus, 

Cor uniloculare, uniaurituni;^ ) pulinone arbitrario, Amphibiis ; 

Sanguine frigido, rubro : J branchiis externis, Piscibus, 

Co^ uniloculare, inauritum ; ) antennatis, Insectis ; 

Sanie frigida, albida : j tentaculatis, Vermibus, 

^ The anatomical error in reference to the auricles of Reptiles and 
Batrachians on the part of Linnaeus is extremely interesting, since it 
»8hows to what an extent the most patent facts may escape the observa- 
tion of even the greatest observers, and what an amount of repeated 
dissection and unf)rejudiced attention has been necessary before the 
structure of the commonest animals has become known. 
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Between Linnseus and Cuvier there are no very 
great names; but under the stimulus given by the 
admirable method and system of Linnseus observation 
and description of new forms from all parts of the 
world, both recent and fossil, accumulated. We can 
only cite the names of Charles Bonnet (1720-1793), 
the entomologist, who described the reproduction of 
Aphis; Banks and Solander, who accompanied Cap- 
tain Cook on his first voyage (17C8-1771); Thomas 
Pennant (1726-1798), the describer of the English 
fauna ; Peter Simon Pallas (1741-1811), who specially 
extended the knowledge of the Linnsean Ve't^mes, and 
under the patronage of the empress Catherine explored 
Kussia and Siberia; De Geer (1720-1778), the ento- 
mologist ; Lyonnet (1707-1789), the author of the 
monograph of the anatomy of the caterpillar of Cossus 
Ugniperdus; Cavolini (1756-1810), the Neapolitan 
marine zoologist and forerunner of Dellsf Chiaje (fl. 
1828) ; 0. F. Muller (1730-1784), the describer of 
freshwater Oligochceta ; Abraham Trembley (1700- 
1784), the student of Hydra; and Ledermiiller (1719- 
1769), the inventor of the term Infusoria. The effect 
of the Linnajan system upon the general conceptions 
of zoologists was no less marked than were its results 
in the way of stimulating the accumulation of accu- 
rately observed details. The notion of a seal, a natures, 
which had since the days of classical antiquity been a 
part of the general philosophy of nature amongst those 
who occupied themselves with such conceptions, now” 
took a more definite form in, the mi»ds of skilled 
zoologists. The species of Linnseus were supposed to 
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represent a series of steps in a scale of ascending com- 
plexity, and it was thought possible thus to arrange 
the animal kingdom in a single series, — the orders 
within the classes succeeding one another in regular 
gradation, and the classes succeeding one another in a 
similar rectilinear progression. Lamarck represents 
most completely, both by his development theory (to 
be further mentioned below) and by his scheme of 
classification, the kigh-water mark of the popular but 
fallacious conception of a scala naturae. His classi- 
fication (1801-1812) is as follows : — 

Invertebrata. 

1. Apathetic Animals, 

Class I. Infusoria. 

Orders : Nuda^ Appendiculata, 

Class 11. Polypi. 

Orders : Giliati (Botifera), Denudati (Hydroids), Fa- 
ginati {Anthozoa and Polyzoa\ Natantes (Crinoids). 

Class III. Eadiaria. 

•Orders : Mollia {Acalephcd)^ Echinoderma (including 
Actinicc), 

Class IV. Tunicata. 

Orders : Bothryllaria^ Ascidia. 

Class V. Vermes. 

Orders : Molles (Tape-Worms and Flukes), Rigiduli 
(Nematoids), Hispididi (Nais, etc.), Epizoaruc 
(Lernaeans, etc.) 

2. Sensitive Animals, 

Class VI. Insecta (Ilexapoda), 

• Orders: Aptera, Dipteray Ilemipteray Lepidopteray 
• Hymenopteray Neuropteray Orthopteray Coleoptera, 

Class VII. Arachnida. 

\ Antennato-Trachealia { — Thysanura and 
Myriapoda)y Exantennato-Trachealiay Exantennato- 
Rranchialia, 

Class "^III. Crustacea. 

Orders : Heterohrandhia {Branchibpoday Isopoday Am- 
phipoduy Stomapoda)y Homobranchia {Decapoda), 
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Class IX. Annelida. 

Orders: Antetimta, Sedentaria. 

Class X. ClRRlPEDIA. 

Orders : Sfssilia, Pediinru/ala^ 

Class XI. CONCIUFEUA. 

Orders: Dimyaria, Alvnomyaria. • 

Class XII. Molldsca. 

Orders : Pteropafa, (/asteropoda, Traehelipoda, Ce- 
pkdopoda, Htteropoda. 

Vertebrata. 

3 . Inte/liyent Animals. 

Class XIII. Fishes. Clifiss XV. Birds. 

„ XIV. Reptiles. „ XVI. Mamuals. 

Tie enumeration of orders above given will enaWe 
the reader to form some conception of tie progress of 
knowledge relating to tkc lower forms of life during 
the fifty years which intervened between Linnaeus and 
Lamarck. The number of genera recognised by 
Lamarck is more than ten times as great as that 
recorded by Linnaeus. 

We have mentioned Lamarck before his great con- 
temporary Cuvier because, in spite of his valuable philo- 
sophical doctrine of development, he was, as compared 
with Cuvier and estimated as a systematic zoologist, 
a mere enlargement and logical outcome of Linnaeus. 

The distinctive merit of Cuvier is that he started 
a new view as to the relationships of animals, which 
he may be said in a large measure to have demon- 
strated as true by his own anatomical researches. He 
opposed the sceda natures theory, and recognised four 
distinct and divergent branches or emhranchemens, as 
he called them, in each of which he arranged a certain 
number of the Linnsean classes, or similar classes. 
The emhranchemens were characterised each by a dif- 
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ferent type of anatomical structure. Cuvier thus laid 
the foundation of that branching tree-like arrangement 
of the classes and orders of animals which we now 
recognise as being the necessary result of attempts to 
represent what is practically a genealogical tree or 
pedigree. Apart from this, Cuvier was a keen-sighted 
and enthusiastic anatomist of great skill and industry. 
It is astonishing how many good observers it requires 
to dissect and draw and record over and over again 
the structure of an animal before an approximately 
correct account of it is obtained. Cuvier dissected 
many Molluscs and other animals which had not pre- 
viously been anatomised ; of others he gave more 
correct accounts than h^ been given by earlier 
writers. Skilful as he was, his observations are very 
frequently erroneous. Great accuracy in work as well 
as great abundance of production has only distin- 
guished one amongst all the great names of Zoology 
— that of Johann Muller. It certainly did not dis- 
tinguish Cuvier. Another special distinction of Cuvier 
is his remarkable work in comparing extinct with 
recent organisms, his descriptions of the fossil Mam- 
malia of the Paris basin, and his general application 
of the knowledge of recent animals to the reconstruc- 
tion of extinct ones, as indicated by fragments only 
of their skeletons. 

It was in 1812 that Cuvier communicated to the 
Academy of Sciences of Paris his views on the classi- 
“fication of animals. He says — 

“ Si Ton consM^re le rfegae aninif,! d’aprfes les principes que nous 
venous de poser, en se d6barrassant des pr6jug6s 6tablis sur les 
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divisions anciennement admises, en n’ayant 4gard Torganisa- 
tion et k la nature des animaux, et non pas k leur grandeur, k leur 
utility, au plus ou moins de connaissance que nous en avons, ni k 
toutes les autres circonstances accessoires, on trouvera qu^il existe 
quatre formes principales, quatre plans g^n^raux, si Ton peut s’ex- 
primer ainsi, d'apres lesquels tons les animaux semblent avoir 6t6 
model4s et dont les divisions ult^rieures, de quelque titre que les 
naturalistes les aient d4cor6es, ne sent que des modifications assez 
14g6res, fondles sur le d6veloppement, ou Taddition de quelques 
parties qui ne changent rien ^ Pessence du plan.” 

His classification as finally elaborated in Le Begne 
Animal (Paris, 1829) is as follows : — 

First Branch. Animalia Vertebrata. 

Class 1. Mammalia. 

Orders : Bimana, Quadrumana, Carnivora, Marsnpialia, 
Rodentia, Edentata, Rachydermata, Ruminantia, Cetacea, 
Class II. Birds. 

Orders : Accipitres, Passer es, Scansores, Gallirwe, Gralloe, 
Palmipedes, 

Class III. Reptilia. 

Orders : Chelonia, Sauria, Ophidia, Batrachia, 

Class IV. Fishes, * 

Orders : (a) Acanthopterygii, Ahdominales, Suhbrachii, 
Apodes, Lophobranchii, Plectognathi ; {h) Sturiones, Bel- 
achii, Cyclostomi, 

Second Branch. Animalia Mollusca. 

Class I. Cephalopoda. 

Class II. Pteropoda. 

Class III. Gastropoda, 

Orders : Pulmonata, Nvdihranchia, Inferohranchia, Tecti- 
hranchia, Jleteropoda, Pectimh^anchia, Tubulihranchia, 
Scutibranchia, Cyclobranchia, * 

Class IV. Acbphala. ‘ 

Orders : Testacea, Tunicata, 

Class V. Brachiopoda. 

Class VI. CiRRHOPODA. , 

Third Branch. Animalia Articulata. 

Class I. Annelides. . c 

Orders : Tubicoke, Dorsd/ranchice, Abranchioe, 
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Class IT. Crustacea. 

Orders : (a) Malacostraca : Decapoday Stomapoday Am- 
phipoday Lmmodipoday Isopoda ; (6) Entomostraca : 
BranchiopodUy Pcedlopoday Trilohitm. 

Class III. ARACHNroES. 

Orders : Pulmonaricey Trachearice, 

Class IV. Insects. 

Orders : Myriapoday Thysanuray Parasitay Buctoriay Coleo- 
pteray Orthopteray Ilemipteray Nmropteray Hymenopteray 
Lepidopteray Rhipipteray Diptera, 

Fourth Branch. Animalia Radiata. 

Class 1. Echinode^ms. 

Orders : Pedicellatay Apoda, 

Class II. Intestinal Worms. 

Orders : Nematoideay Parenchymatoscu 

Class IIL Acaleph^. 

Orders : Simplicesy Hydrostaticce. 

Class IV. Polypi (including the Gcelentera of later authorities 
and the Polyzoa), 

Orders : Camosiy Gelatinosiy Polypiarii, 

Class V. Infusoria. 

Orders : Rotiferay Homogenea (this includes the Protozoa 

of recent writers and some Protophyta). 

• • 

The leading idea of Cuvier, his four enibranche- 
ruiens, was confirmed by the Eusso-German naturalist 
Von Baer (1792-1876), who adopted Cuvier’s divisions, 
speaking of them as the peripheric, the longitudinal, 
the massive, and the vertebrate types of structure. 
Von Baer, however, has another place in the history 
of Zoology, being the first and most striking figure in 
the introduction of Embryology into the consideration 
of the relations of animals to one another. 

Cuvier may be regarded as the zoologist by whom 
.tmatomy was made the one important guide to the 
understanding^ of the relations of animals. But it 
should be noted that the belief, dating from Malpighi 
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(1670), that there is a relationship to be discovered, 
and not merely a haphazard congregation of varieties 
of structure to be classified, had previously gained 
ground. Cuvier was familiar with the speculations 
of the “ Natur-philosophen,” and with the doctrine of 
transmutation and filiation by which they endeav- 
oured to account for existing animal forms. The 
noble aim of F. W. J. Schelling, “ das ganze System 
der Naturlehre von dem Gesetze der Schwere bis zu 
den Bildungstrieben der Organismus als ein organ- 
isches Ganze darzustellen,” which has ultimately been 
realised through Darwin, was a general one among the 
scientific men of the year 1800. Lamarck accepted 
the development theory fully, and pushed his specula- 
tions far beyond the realm of fact. The more cautious 
Cuvier adopted a view of the relationships of animals 
which, whilst denying genetic connection as the ex- 
planation, recognised an essential identity of struc- 
ture throughout whole groups of animals. This 
identity was held to be due to an ultimate law of 
nature or the Creator’s plan. The tracing out of this 
identity in diversity, whether regarded as evidence of 
blood-relationship or as a remarkable display of skill 
on the part of the Creator in varying the details 
whilst retaining the essential, became at this period a 
special pursuit, to which Goethe, the poet, who him- 
self contributed importantly to it, gave the name 
“ Morphology.” C. F. Wolff, Goethe, and Oken share 
the credit of having initiated these views, in regarft* 
especially to the structure of flowering,plants and the 
Vertebrate skull. Cuvier’s doctrine of four plans of 
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structure was essentially a morphological one, and so 
was the single-scale doctrine of Buffon and Lamarck, 
to which it was opposed. Cuvier’s morphological 
doctrine received its fullest development in the 
principle of the “ correlation of parts,” which he ap- 
plied to palaeontological investigation, namely, that 
every animal is a definite whole, and that no part can 
be varied without entailing correlated and law-abiding 
variations in other parts, so that from a fragment it 
should be possible, had we a full knowledge of the 
laws of animal structure or Morphology, to reconstruct 
the whole. Here Cuvier was imperfectly formulating, 
without recognising the real physical basis of the 
phenomena, the results of the laws of heredity and 
variation, which were subsequently investigated and 
brought to bear on the problems of animal structure 
by Darwin. 

Elchard Owen ^ may be regarded as the foremost 
of Cuvier’s disciples. Owen not only occupied him- 
self with the dissection of rare animals, such as the 
Pearly Nautilus, Lingula, Limulus, Protopterus, 
Apteryx, etc., and with the description and recon- 
struction of extinct Keptiles, Birds, and Mammals, — 
following the Cuvierian tradition, — but gave precision 
and currency to the morphological doctrines which 
had taken their rise in the beginning of the century 
by the introduction of two terms, “ Homology ” and 
“ Analogy,” which were defined so as to express two 

1 Born in 1804 in Lancaster; conservator of the Hunterian 
Museum, London, ft 3 0-1 856 ;* superintendent Nat. Hist. Brit. Mus. 
1856-1884. 
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different kinds of agreement in animal structures, 
which, owing to the want of such “ counters of 
thought,” had been hitherto continually confused. 
Analogous structures in any two animals compared 
were by Owen defined as structures performing similar 
functions, but not necessarily derived from the modi- 
fication of one and the same part in the “ plan ” or 
“archetype” according to which the two animals 
compared were supposed to be constructed. Homo- 
logous structures were such, as, tliougli greatly differ- 
ing in appearance and detail from one another, and 
though performing widely different funetions, yet 
were capable of being shown by adequate study of a 
series of intermediate forms to be derived from one 
and the same part or organ of the “ plan-form ” or 
“ archetype.” It is not easy to exaggerate the service 
rendered by Owen to the study of Zoology by the 
introduction of this apparently small piece of verbal 
mechanism ; it takes place with the classificatory 
terms of Linnaeus. And, though the conceptions of 
“ archetypal Morphology,” to which it had reference, 
are now abandoned in favour of a genetic Morphology, 
yet we should remember, in estimating the value of 
this and of other speculations which have given place 
to new views in the history of science, the \^ords of 
the great reformer himself. “ Erroneous observations 
are in the highest degree injurious to the progress of 
science, since they often persist for a long time. But 
erroneous theories, when they are supported by fact^ 
do little harm, since evefy one takes a healthy pleasure 
in proving their falsity ” (Darwin). Owen’s definition 



IK. 


THE mSTOBY AND SCOPE OP ZOOLOGY 333 


of andogous structures holds good at the present day. 
His homologous structures are now spoken of as 
“ homogenetic ” structures, the idea of community of 
representation in an archetype giving place to com- 
munity of derivation from a single representative 
structure present in a common ancestor. Darwinian 
Morphology has further rendered necessary the intro- 
duction of the terms “homoplasy” and “homo- 
plastic”^ to expresa that close agreement in form 
whieh may be attained in the course of evolutional 
changes by organs or parts in two animals which 
have been subjected to similar moulding conditions of 
the environment, but have no genetic community of 
origin, to account for their close similarity in form and 
structure. 

The classification adopted by Owen in his lectures 
(1855) does not adequately illustrate the progress of 
zoolo^cal knowledge between Cuvier’s death and that 
date, but, such as it is, it is worth citing here. 

Province : Vertebrata {Myelencephala, Owen). 

Classes : Mammalia, Aves, Reptilia, Pisces. 

Prcmnce: Articulata. 

Classes ; Arachnida, Insecta (including Sub-Classes Myiia- 
poda, Hexapoda), Crustacea (including Sub-Classes Unto- 
mostraca, 3Ia1acostraca), Epizoa (Epizootic Crustacea), An- 
NELLATA (Choctopods and Leeches), Cirripedia. 

Province: MolluSCa. 

Classes : Cephalopoda, Gasteropoda, Pteropoda, Lamelli- 
BRANCHIATA, BrACHIOPODA, TUNICATA. 


• • 

1 See Lankestep, “ On tlie Use of the Term Homology in Modem 
Zoology and the Distinction between Homogenetic and Homoplastic 
Agreements,” Ann, and Mag, Nat, Hist,*! 870, 
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Province: Radiata. 

Svh-Provmce : Radiaiia. 

Classes: Echinodeemata, Beyozoa, Anthozoa, Aca- 

EEPH^, HyDEOZOA. 

Sub-Province : Ellltozoa. ' 

Classes : Ccelelmintha, Steeelmintha. 

Svb-Province : InfaSOria. 

Classes : Rotifeea, Polyoasteia (the Protozoa of recent 
authors). 

The real centre of progress of systematic Zoology 
was no longer in France nor with the disciples of 
Cuvier in England, but after his death moved to 
Germany. The wave of morphological speculation, 
with its outcome of new systems and new theories of 
classification, which were as numerous as the pro- 
fessors of zoological science,^ was necessarily succeeded 
in the true progress of the science by a period of 
minuter study in which the microscope, the discovery 
of embryological histories, and the all-important cell- 
theory came to swell the stream of exact knowledge. 

We have already mentioned Von Baer in this 
connection, and given a passing reference to Johann 
Muller, the greatest of all investigators of animal 
structure in the present century. Muller (1801-1858) 
was in Germany the successor of Kathke (1793-1860) 
and of Meckel (1781-1833) as the leader of anatom- 
ical investigation ; but his true greatness can only be 
estimated by a consideration of the fact that he was a 
fertile teacher not only of human and comparative 
Anatomy and Zoology but also of Physiology, and 
that nearly all the most distinguished German 
zoologists and physiologists of the jieriod 1850 to 

1 See Agassiz, Essay on Classification^ 1869, for an account of them. 
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1870 were his pupils and acknowledged his leadership. 
The most striking feature about Johann Muller’s 
work, apart from the comprehensiveness of his point 
of view, in which he added to the anatomical and 
morphological ideas of Cuvier a consideration of 
Physiology, Embryology, and microscopic structure, 
was the extraordinary accuracy, facility, and complete- 
ness of his recorded observations. He could do more 
with a single specimen of a rare animal {e.g. in his 
memoir on Amphioxm, Berlin, 1844) in the way of 
making out its complete structure than the ablest of 
his contemporaries or successors could do with a 
plethora. His power of rapid and exhaustive obser- 
vation and of accurate pictorial reproduction was 
phenomenal. His most important memoirs, besides 
that just mentioned, are those on the anatomy and 
classification of Fishes, on the Coecilians, and on the 
developmental history of the Echinoderms. 

A name which is apt to be forgotten in the period 
between Cuvier and Darwin, because its possessor 
occupied an isolated position in England and was not 
borne up by any great school or university, is that of 
John Vaughan Thompson, who was an army surgeon, 
and when past the age of forty, being district medical 
inspector at Cork (1830), took to the study of marine 
Invertebrata by the aid of the microscope. Thompson 
made three great discoveries, which seem to have 
fallen in his way in the most natural and simple 
• manner, but must be regarded really as the outcome 
. of extraordin^y genius. He showed that the organ- 
isms like Flustra are not hydroid Polyps, but of a 
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more complex structure resembling Molluscs, and he 
gave them the name “ Polyzoa.” He discovered the 
Pentacrinus europceus, and showed that it was the 
larval form of the Feather-Star Antedon {Comatula). 
He upset Cuvier’s retention of the Cirripedes among 
Mollusca, and his subsequent treatment of them as 
an isolated class, by showing that they begin life as 
free-swimming Crustacea identical with the young 
forms of other Crustacea. Vaughan Thompson is a 
t 3 rpe of the marine zoologists, such as DalyeU, Michael 
Sars, P. J. Van Beneden, Claparfede, and Allman, 
who during the present century have approached the 
study of the lower marine organisms in the same 
spirit as that in whieh Trembley and Schaffer in the 
last century, and Swammerdam in the seventeenth, 
gave themselves up to the study of the minute fresh- 
water forms of animal life. 

It is impossible to enumerate or to give due 'con- 
sideration to all the names in the army of anatomical 
and embryological students of the middle third of 
this century whose labours bore fruit in the modifica- 
tion of zoological theories and in the building up of a 
true classification of animals. Their results are best 
summed up in the three schemes of classification 
which foUow below — those of Kudolph Leuckart (&. 
1823), Henri Milne-Edwards (1800-1884), and T. H. . 
Huxley (6. 1825), all of whom individually contri- 
buted very greatly by their special discoveries and 
researches to the increase of exact knowledge. 

Contemporaneous with these were various schemes . 
of classification which were based, not on a considera- 
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tion of the entire structure of each animal, but on the 
variations of a single organ, or on the really non- 
significant fact of the structure of the egg. All such 
single-fact systems* have proved to be useless, and in 
fact departures from the true line of growth of the 
zoological system which was shaping itself year by 
year — unknown to those who so shaped it — as a 
genealogical tree. They were attempts to arrive at a 
true knowledge ofi the relationships of animals by 
‘'royal roads ; tlfeir followers were landed in barren 
wastes. 

E. Leuckart^s ^ classification is as follows : — 

Type 1. Ooelenterata. 

Class I. Polypi. 

Orders : A'^thozoa and Cylicozoa. 

„ II. Acaleph^ 

Orders ; Discoph(yr(B and Ctmophorce^ 

Type 2. Echinodermata. 

Class I. PIlmatozoa. 

Orders : Cystidea and Crinoidea. 

„ II, Actinozoa. 

Orders ; Echinida and Asterida. 

„ III. SCYTODERMATA. 

Orders : HolothuruB and Sipuncvlidcu 

Type 3. Vermes. 

Class I. Anenter^ti. 

Orders : Cestodes and Acanthocephali, 


1 Die^MorpJwlogie und die VerwandtschaftsverJuiltnisse der wirhellosen 
Thiere, Brunswick, 1848. The Protozoa, recognised as a primary group 
by Siebold and Stannius {Lehrhuch d, vergleich. Anatomie, Berlin, 1846), 
are not included at all by Leuckart in his scheme. The name Protozoa 
.yias first used by Goldfuss (1809) to include microscopic animals and 
also the Polyps ancf Medusae, whilst Siebold and Stannius first used it in 
• its modem significcdion as comprising |nd limited to- the Infusoria and 
Ehizopoda. 

Z 
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Class II. Apodes. 

Orders : Nemertini^ Turhellarii^ Trematod^Sy and 
HirudineL 
„ III. CiLIATI. 

Orders : Bryonia and Eotijtra. 

„ IV. Anneeides. 

Orders : Nematodes^ Lumhndni^ and Branchiati. 
Type 4. Arthropoda. 

Class I. Crustacea. 

Orders : Entomostraca and Malacostraca. 

„ II. Insecta. 

Orders : Myria;poda^ Aradmida {Acera^ Latr.), and 
Ilexapoda. 

Type 5. Mollusca. 

Class I. Tunicata. 

Orders : Ascidim and Salpce. 

„ 11. Acephala. 

Orders : LamellihrancMata and Brachiopoda. 

„ III. Gasteropoda. 

Orders : Ileterdbranchia^ Da^matohranchia^ Hetero- 
poda, Ctmobrarwhia^ Pulmonata^ and Cydo- 
hranchia, 

„ IV. Cephalopoda. 

Type 6. Vertebrata. (Not specially dealt with ) 

The classifij^ation given by Henri Milne-Edwards ^ 
is as follows : — 

Branch 1. Osteozoaria or Vertebrata. 

Sub-Branch 1. Allantoidians. 

Class I. Mammalia. 

Orders : (a) Monodelphia : Bimana^ Quadru- 
mana, CJieiroptera, Insectivora^ Bodmtia, 
Edentata^ Carnivora^ Amphibia^ PachydeT’ 
mata, Ruminantia^ Cetacea ; (5) Didelphia : 
Marsupialiay Monotreniata. 

„ II. Birds. 

Orders : Rapaces^ Passeres, Scansores, Gallince^ 
* Grallce^ Palmipedes, 

„ III. Reptiles. 

Orders ; Chelonin^ Sauria^ Opkidia, 

^ Cours Eymentaire (PHistoire Naturelley Paris, 1855. 
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Sub-Branch 2. Anallantoidians. 

Class I. Batkachians. 

Orders : Anur% Urodela^ Perennibranchia^ 
CcecilicB. 

„ II. Fishes. 

, Section 1. OsseL 

Orders : Acanthopterygii, Ahdominales, Sub- 
brachii^ Apodes^ LophohraTichii, Plecto- 
• gnathi. 

Section 2. ChondropterygiL 

Orders : Sturiorieii^ Seldchii^ CyclostomL 

m 

Branch II. Entomozoa or Annelata. 

Sub-Branch 1. Arthropoda. 

Class I. Insecta. 

Orders : Goleoptera^ Orthoptera^ Neuroptera, 

, Ilymenoptera^ Lepidoptera^ Hemiptera, Di- 
ptera, Rhipiptera^ Anopleura^ Thysanura. 

„ II. Myriapoda. 

Orders : Chilognatha and Ghilopoda, 

„ III. Arachnids. 

Orders : Pulmonaria and Trachearia. 

„ IV. Crustacea. 

• • Section 1. Podophtlmlmia. 

Orders : Decapoda and Stomopoda, 

Section 2. Edriophthalmia. 

Orders : Amphipoda, Lcemodipoda^ and 
Isopoda. 

Section 3. Branchiopoda. 

Orders : Ostracoda, Phyllopoda^ and Tri- 
lobitce. 

Section 4. Entomostraca. 

Orders : Gopepoda^ Gladocera, Siphonostoma, 
• Lemcbiday Girripedia. 

^ Section 5. Xiphosura, 

(The orders of the classes which follow are not given in the 
work quoted.) t 

• Sub-Branch 2. Vermes. 

Class I. Atnelids. Class IV. Cestoidea. 

„ JI. BteLMiNTHs. . , „ V. Rotatoria. 

„ III. Turbellaria. 
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Branch III. Malacozoaria or Mollnsca. 


Sub-Branch 1. Mollusca proper. 

Class I. Cephalopoda. Class III. Gasteropoda. 

„ II. Pteropoda. „ ^IV. Acephala. 

Sub-Branch 2. Molluscoidea. 

Class I. Tunicata. Class II. Bryozoa. 

Branch IV. Zoophsrtes. 


Sub-Branch I. Radiaria. 
Class I. Echinoderms. 

„ II. Acalephs. 
Sub-Branch 2. Sarcodaria. 
Class I. Infusoria. 


Class HI. CORALLARIA or 
Polypi. 

Class II. Spongiaria. 


Iji England T. H. Huxley adopted in his lectures 
(1869) a classification which was in many respects 
similar to both of the foregoing, but embodied im- 
provements of his own. It is as follows : — 

Sub-Kingdom I. ProtOZOa. 

Classes : Rhizopoda, Gregarinida, Radiolaria, Spongida. 
Sub-Kingdom II. Infusoria. 

Sub-Kingdom III. Coslenterata. 

Classes : Hydrozoa, Actinozoa. 

Sub-Kingdom IV. Annuloida. 

Classes : Scolecida, Echinodermata. 

Sub-Kingdom V. Annulosa. 

Classes : Crustacea, Arachnid a, Myriapoda, Insecta, Ch^- 

TOGNATHA, AnNELIDA. 

Sub-Kingdom VI. Molluscoida. 

Classes : Polyzoa, Brachiopoda, Tunicata. 

Sub-Kingdom VII. Mollusca. 

Classes ; Lamellibranchiata, Branchiogastropoda, Pulmo- 
GASTROPODA, PtEROPODA, CEPHALOPODA. 

Sub-Kingdom VIII. Vertebrata. ^ 

Classes : Pisces, Amphibia, Reptilia, Aves, Mammalia. 

We no^ arrive at the period when the doctrine of 
organic evolution was established by Darwin, and 
when naturalists, being convinced by him as they 
had not been by the transmurtationist^ of fifty years^* 
earlier date, were compelled to take an entirely new . 
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view of the significance of all attempts at firaming a 
“ natural ” classification. 

Many zoologists — ^prominent among them in Great 
Britain being Huxley — had been repelled by the airy' 
fancies and assumptions of the “philosophical” mor- 
phologists. The efibrts of the best minds in Zoology 
had been directed for thirty years or more to ascer- 
taining with increased accuracy and minuteness the 
structure, microsco|Jic and gross, of all accessible forms 
of animals, and not only of the adult structure but of 
the steps of development of that structure in the 
growth of each kind of organism from the egg to 
maturity. Putting aside fantastic theories, these ob- 
servers endeavoured to give in their classifications a 
strictly objective representation of the facts of animal 
structure and of the structural relationships of animals 
to one another capable of demonstration. The groups 
within grou|)s adopted for this purpose were neces- 
sarily wanting in symmetry : the whole system pre- 
sented a strangely irregular character. From time to 
time efforts were made by those who believed that the 
Creator must have followed a symmetrical system in 
his production of animals to force one or other arti- 
ficial, neatly balanced scheme of classification upon the 
zoologjpal world. The last of these was that of Louis 
Agassiz (E$say on CUusiJication, 1859), who, whilst 
surveying all previous classifications, propounded a 
scheme of his own, in which, as well as in the criticisms 
he applies to other systems, the leading notion is that 
•sub-kingdoms, classes, orders, .and families have a real 
existence. He held that it is possible to ascertain and 
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distinguish characters which are of class value, others 
which are only of ordinal value, and so on, so that the 
classes of one sub-kingdom should on paper, and in 
■nature actually do, correspond in relative value to 
those of another sub-kingdom, and the orders of any 
one class similarly should be so taken as to be of equal 
value with those of another clas^‘, and have been 
actually so created. 

The whole position was changed by the acquies- 
cence, which became universal, in the doctrine of 
Darwin. That doctrine took some few years to pro- 
duce its effect, but it became evident at once to those 
who accepted Darwinism that the natural classification 
of animals, after which collectors and anatomists, mor- 
phologists, philosophers, and embryologists had been 
so long striving, was nothing more nor less than a 
genealogical tree, with breaks and gaps of various ex- 
tent in its record. The facts of the relationships of 
animals to one another, which had been treated as the 
outcome of an inscrutable law by most zoologists and 
glibly explained by the transcendental morphologists, 
were amongst the most powerful arguments in support 
of Darwin’s theory, since they, together with all other 
vital phenomena, received a sufiicient explanation 
through it. It is to be noted that, whilst the zoolo- 
gical system took the form of a genealogical tree, with 
main stem and numerous diverging branches, the 
actual form of that tree, its limitation to a certain 
number of branches corresponding to a Mmited number 
of divergences in structure, came to be regarded as the' 
necessary consequence of the operation of the physico- 
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chemical laws of the universe, and it was recognised 
that the ultimate explanation of that limitation is to 
be found only in the constitution of matter itself. 

The first naturalist to put into practical form the 
consequences of the new theory, in so far as it affected 
zoological classification, was Ernst Haeckel of Jena 
{6. 1834) who in 1866, seven years after the publica- 
tion of Darwin’s Origin of Species, published his sug- 
gestive Generellk Morphologic. Haeckel introduced 
into classification a number of terms intended to indi- 
cate the branchings of a genealogical tree. The whole 
“system” or scheme of classification was termed a 
genealogical tree (Stammbaum) ; the main branches 
were termed “ phyla,” their branchings “ sub-phyla ” ; 
the great branches of the sub-phyla were termed 
“ cladi,” and the “ cladi ” divided into “ classes,” these 
into sub-classes, these into legions, legions into orders, 
orders into %ub-ordcrs, sub-orders into tribes, tribes 
into families, families into genera, genera into species. 
Additional branchings could be indicated by similar 
terms where necessary. There was no attempt in 
Haeckel’s use of these terms to make them exactly or 
more than approximately equal in significance ; such 
attempts were clearly futile and unimportant where 
the purpose was the exhibition of lines of descent, and 
where no natural equality of groups was to be expected 
ex hypothesi. Haeckel’s classification of 1866 was 
only a first attempt. In the edition of the Natiirliche 
Schopfungsgeschichte published in 1868, he made a 
•great advance an his genealogical classification, since 
he now introduced the results of the extraordinary 
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activity in the study of Embryology which followed on 
the publication of the Origin of Species. 

The pre-Darwinian systematists since the time of 
Von Baer had attached very great importance to 
embryological facts, holding that the stages in an 
animal’s development were often mote significant of 
its true affinities than its adult structure. Von Baer 
had gained unanimous support for his dictum, “ Die 
Entwickelungsgeschichte ist der vTahre Lichttrager fur 
Untersuchungen fiber organische Korper.” Thus J. 
Mfiller’s studies on the larval forms of Echinoderms 
and the discoveries of Vaughan Thompson were appre- 
ciated. But it was only after Darwin that the cell- 
theory of Schwann was extended to the Embryology 
of the animal kingdom generally, and that the know- 
ledge of the development of an animal became a 
knowledge of the way in which the millions of cells of 
which its body is composed take their origin by fission 
from a smaller number of cells, and these ultimately 
from the single egg-cell. Kolliker {Development of 
Cephalopods, 1844), Remak {Development of the Frog, 
1850), and others had laid the foundations of this 
knowledge in isolated examples ; but it was Kowalew- 
sky, by his accounts of the development of Ascidians 
and of Amphioxm (1866), who really made zoplogists 
see that a strict and complete cellular embryology of 
animals was as necessary and feasible a factor in the 
comprehension of their relationships as at the begin- 
ning of the century the coarse anatomy had been 
shown to be by Cuvier. j(^owalewsky’s work ap- 
peared between the dates of the Generelle Morpho- 
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logic and the Schopfungsgeschichte. Haeckel himself, 
with his pupil Miklucho-Maclay, had in the meantime 
made studies on the growth from the egg of Sponges, 
— studies which resulted in the complete separation of 
the unicellular or equiceUular Protozoa from the 
Sponges, hitherto confounded with them. It is this 
introduction of the consideration of cell-structure and 
cell-development which, subsequently to the estab- 
lishment of Darwinism, has most profoundly modified 
the views of systematists, and has led in conjunction 
with the genealogical doctrine to the greatest activity 
in research, — an activity which culminated in the 
work (1873-1882) of F. M. Balfour, and produced the 
profoundest modifications in classification. 

Haeckel’s earlier pedigree is worth comparing with 
his second effort, as showing the beginning of the influ- 
ence just noted. The second pedigree is as follows ; — 

Classes, 
r Archezoa. 

N Gregarhue, 

[ Infusoria. 

J Plancpada. 

( Gastrceada. 

Porifera. 

( Coralla. 

< llydromedtisce. 

( Gtenophora. 

Pla tyhelmmth es. 
f Nemathelmintlm. 
Bryozoa. 

Tunicata. 
Rhynchocoela. 
Gephyrcea. 

Rotatoria. 

Annelida. 


Phyla. 

Protozoa. 

Zoophjrta. 

Vermes. 


Cladi. 

OVULARIA. 

Blastularia. 
/ Spongi.®. 

J Acaleph.r. 

’ Accelomi. 

Ccelomati. 
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Mollusca. 


Echinoderma. 


Arthropoda. 


^ Acbphala. 
I^EUCEPHALA. 

{ COLOBRACHIA. 

Lipobrachia. 

{ Carides. 

Tracheata. 

Acrania. 

Monorrhina. 


f Spirdbranchia, 

I Lamellihranchia. 
{ Gochlides, 

\ Cephalopoda, 

* { Asterida, 

\ Crinoida^ 

{ Echinida, 
Holothurioe, 
c GrvMacea, 

I Arachnida, 

< Myriapodxi, 

• I Insecta, 
Leptocardia, 
Gyclostorm, 


Vertebrata. 


Anamnia. 


Amniota. 


{ Dipneusta. 
Halisauria, 
Amphibia, 

{ Reptilia, 

< Aves, 

( Mammalia, 


In representing pictorially tlie groups of the animal 
kingdom as the branches of a tree, it becoihes obvious 
that a distinction may be drawn, not merely between 
the individual main branches, but further as to the 
level at which they are given olF from the main stem, 
so that one bi’anch or set of branches may be marked 
off as belonging to an earlier or lower level than 
another set of branches ; and the same plan may be 
adopted with regard to the cladi, classes, and sipaller 
branches. The term “grade” was introiduced by 
myself^ to indicate this giving off of branches at a 
higher or lower, i.e. a later or earlier, level of a main 
stem. The mechanism for the statement pf the genea-’ 


1 “ Notes on Embryology and Classification,” in Qfcart. Joum. Micr. 
Sci. 1877. 
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logical relationships of the groups of the animal king- 
dom was thus completed. Renewed study of every 
group was the result of the acceptance of the genea- 
logical idea and 0/ the recognition of the importance 
of oellular Embryology. On the one hand, the true 
method of arriving at a knowledge of the genealogical 
tree was recognised as lying chiefly in attacking the 
problem of the genealogical relationships of the smallest 
twigs of the tree, end proceeding from them to the 
larger branches. Special studies of small families or 
orders of animals with this object in view were taken 
in hand by many zoologists. On the other hand, a 
survey of the facts of cellular Embryology which were 
accumulated in regard to a variety of classes within a 
few years of Kowalewsky’s work led to a generalisa- 
tion, independently arrived at by Haeckel and myself, 
to the effect that a lower grade of animals may be 
distinguished, the Protozoa or Plastidozoa, which 
consist either of single cells or colonies of equiformal 
cells, and a higher grade, the Metazoa or Enterozoa, 
in which the egg-cell by “ cell division ” gives rise to 
two layers of cells, the endoderm and the ectoderm, 
surrounding a primitive digestive ehamber, the archen- 
teron. Of these latter I proposed to distinguish two 
grades, — those which remain possessed of a single 
archenteric cavity and of two primary cell-layers (the 
Ccelentera or Diplohlastica), and those which by 
nipping off the archenteron give rise to two cavities, 
*the coelom oy body-cavity and the metenteron or gut 
{Ccdomata oj Triphhlastica). To the primitive two- 
cell-layered form, the hypothetical ancestor of all 



348 


THE HISTORY AND SCOPE OP ZOOLOGY 


IX 


Metazoa or Enterozoa, Kaeckel gave the name Gastrma; 
the embryonic form which represents in the individual 
growth from the egg this ancestral condition he called 
a “gastrula.” The term “diblastula” has more recently 
been adopted in England for the “gastrula” of Haeckel. 
The tracing of the exact mode of development, cell by 
cell, of the diblastula, the coelom,' and the various 
tissues of examples of all classes of animals has been 
pursued during the last twenty years with immense 
activity and increasing instrumental facilities, and is 
still in progress. 

Two names in connection with post -Darwinian 
taxonomy and the ideas connected with it require 
brief mention here. Fritz Muller, by his studies on 
Crustacea {Fiir Dai'win, 1864), showed the way in 
which genealogical theory may be applied to the 
minute study of a limited group. He is also respon- 
sible for the formulation of an important principle, 
called by Haeckel “ the biogenetic fundamental law,” 
viz. that an animal in its growth from the egg to the 
adult condition tends to pass through a series of stages 
which are recapitulative of the stages through which 
its ancestry has passed in the historical development 
of the species from a primitive form ; or, more shortly, 
that the development of the individual (ontogeny) is 
an epitome of the development of the race (pjiylogeny). 
Pre-Darwinian zoologists had been aware of the class 
of facts thus interpreted by Fritz Muller, but the 
authoritative view on the subject had be^n that there’ 
is a parallelism between (a) the series oi forms which 
occur in individual development, (6) the series of 
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existing forms from lower to higher, and (c) the series 
of forms which succeed one another in the strata of 
the earth’s crust; whilst an explanation of this parallel- 
ism was either not attempted, or was illusively offered 
in the sh&pe of a doctrine of harmony of plan in crea- 
tion.' It was the application of Fritz Muller’s law of 
recapitulation which gave the chief stimulus to recent 
embryological investigations ; and, though it is now 
recognised that “recapitulation” is vastly and be- 
wdderingly modified by special adaptations in every 
case, yet the principle has served, and still serves, as 
a guide of great value. 

Another important factor in the present condition 
of zoological knowledge as represented by classification 
is the doctrine of degeneration propounded by Anton 
Dohm. Lamarck believed in a single progressive 
series of forms, whilst Cuvier introduced the conception 
of btanchesr The first post-Darwinian systematists 
naturally and without reflection accepted the idea 
that existing simpler forms represent stages in the 
gradual progress of development, — are in fact survivors 
from past ages which have retained the exact grade 
of development which their ancestors had reached in 
past ages. The assumption made was that (with the 
rare e^xception of parasites) all the change of structure 
through which the successive generations of animals 
have passed has been one of progressive elaboration. 
It is Dohrn’s merit to have pointed out^ that this 
Assumption is, not warranted, and that degeneration or 

1 Urspmng t?# Wirhelthiexe^ Leigsic, 1876 ; and Lankester, De- 
generatioviy London, 1880 (reprinted in the present volume). 
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ptogressiYe simplification of structure may have, and 
in many lines certainly has, taken place, as well as pro- 
gressive elaboration and continuous maintenance of the 
status quo. The introduction of this conception neces- 
sarily has had a most important effect in th6 attempt 
to unravel the genealogical affinities of animals! It 
renders the task a more complicated one ; at the same 
time it removes some serious difficulties and throws a 
flood of light on every group of the animal kingdom. 

One result of the introduction of the new concep- 
tions dating from Darwin has been a healthy reaction 
from that attitude of mind which led to the regarding 
of the classes and orders recognised by authoritative 
zoologists as sacred institutions which were beyond 
the criticism of ordinary men. That attitude was 
due to the fact that the groupings so recognised did 
not profess to be simply the result of scientific reason- 
ing, but were necessarily regarded as the? expressions 
of the “ insight ” of some more or less gifted persons 
into a plan or system which had been arbitrarily 
chosen by the Creator. Consequently there was a 
tinge of theological dogmatism about the whole matter. 
To deny the Linnsean, or later the Cuvierian, classes 
was very much like denying the Mosaic cosmogony. 
At the present time systematic Zoology is entirely 
free from any such prejudices, and the Linnsean taint 
which is apparent even in Haeckel and Gegenbaur 
may be considered as finally expunged. 

A classification which expresses thg probabilities 
of genealogical relationships as indicated hy the latest 
results of investigation, is that at which every teacher 
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of Zoology now aims. That which at the present 
moment commends itself to me is represented by the 
genealogical ■ tree and the tabular statements which 
are -printed at the' end of this essay. ^ The chief points 
in this classification are the inclusion of Balanoglossus 
and -the Tunicata in the phylum Vertehrata, the 
association of the, Rotifera and the Chcetopoda with 
the Arihropoda in the phylum Appendiculata, the 
inclusion of Limulus and the Eurypterina in the 
class Arachnida, and the total abandoning of the 
indefinite and indefensible group of “ Vermes.” 

We have now traced the history of the morpho- 
graphy of animals so as to show that increasingly in 
successive epochs independent branches of knowledge 
have been brought to bear on the consideration of the 
main problem, namely, the discrimination of the kinds 
and the relations to one another of animal forms. 
Before glancing at the history of ■ the remaining 
branches of zoological science, which have had an 
independent history whilst ultimately contributory to 
Taxonomy and Morphography, it may be briefly 
pointed out that the accumulation of knowledge with 
regard to the distribution of animal forms on the 
earth’s surface and in the seas has progressed simul- 
taneously with the discrimination of the mere forms 
of the*species themselves, as has also the knowledge 
derived from fossilised remains as to the characters 
of former inhabitants of the globe. Both these sub- 
divisions of Morphography have contributed to the 

^ The classihc^ion here given is not quite the same as that pub- 
lished in the Encyclopcedia Bntannica\ii 1888. 
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establishment of Darwinism, — the one (palaeontology) 
by direct evidence of organic evolution in time, the 
other (zoo-geography) in a more indirect way. 

Alfred Kussell Wallace stands prominently forward 
as a naturalist -traveller who by his observations, 
chiefly on Lepidopterous Insects, in both South 
America and the Malay Archipelago, was led to the 
conclusion that a production of new species is actually 
going on, and that, too, by means of a process of 
natural selection of favourable variations. Wallace 
and Darwin, who each recognised cordially and fully 
the other’s work, laid their views before the Linnean 
Society on the same day — 1st July 1858. 

The facts of the geographical distribution of ani- 
mals were systematised, and great zoo-geographical 
provinces first clearly recognised, by P. L. Sclater in 
1858. The application of the Darwinian theory to 
the facts tabulated by Sclater, combined with a 
knowledge of the distribution of animals in past geo- 
logical periods, has led to a full explanation of the 
migrations of terrestrial animals, ^d has famished a 
striking corroboration of the sufficiency of the doctrine 
of organic evolution, as reformed by Darwin, to 
account for all the phenomena of Zoology. 

The study of the marine fauna by means of the 
dredge and trawl had been enthusiastically prosecuted 
by British, French, and Scandinavian naturalists in 
the two decades before Darwin’s book ; the collection 
of forms, the discovery of new species, and the record- 
ing of their bathymetrical and local distribution had 

« • 

1 Journal of the Proc, Linnomt Soc. Zool vol. ii. p, 130 . 
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produced a great mass of knowledge through the 
labours of E. Forbes, Gwyn- Jeffreys, Sars, Quatre- 
fages, Norman, and others. The post-Darwinian 
deYtelopments of this line of inquiry have been two. 
In the first place, dredging and trawling have been 
extended by the aid of steamships of the Norwegian, 
British, American, French, and Italian navies into 
greater depths than were previously supposed to con- 
tain living things.-! New species and genera, and a 
vast extension of knowledge as to distribution, have 
been the outcome of these expeditions, connected with 
the names of G. 0. Sars and Daniellsen in Norway, of 
Alex. Agassiz in America, and of Carpenter and 
Wyville Thomson in Great Britain. It is worthy of 
note that the practical demand for sounding the 
Atlantic in connection with the laying of the first 
deep-sea telegraph-cable is what led to these explora- 
tions, the first recognition of life at these great depths 
in the ocean being due to Dr. Wallich, who accom- 
panied a sounding expedition in 1860 to the North 
Atlantic, and to P^Dfessor Fleeming Jenkin, who in the 
same year acted as engineer in raising the submarine 
cable between Sardinia and Africa, upon which living 
corals were found. In the second place, the study of 
marine Zoology has, since the publication of the Origin 
of Species^ been found to require more complete 
arrangements in the form of laboratories and aquaria 
than the isolated vacation student could bring with 
him to the sgaside. Seaside laboratories have come 
into existence^ the first was founded in France by 
Coste (1859) at Concarneau (Brittany), again with a 

2 A 
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practical end in view, viz. the study of food-fishes 
with an aim to pisciculture. The demand for a 
knowledge of the embryology of all classes of animals, 
and for further facts as to the structure and life-history 
of the minuter microscopic or very delicate •forms of 
marine life, is what has determined the multiplication 
of these marine “ stations.” The largest and best sup- 
ported pecuniarily is that founded at Naples by Anton 
Dohm in 1872; others exist at Trieste, Villefranche, 
Cette, and at New Haven and Beaufort in the United 
States, whilst a large laboratory, on a scale to compare 
with that at Naples, has this year (1888) been opened 
at Plymouth by the Marine Biological Association of 
the United Kingdom. 

Amother result of the stimulus given to zoological 
research by Darwin’s work is the undertaking of 
voyages to distant lands by skilled anatomists for the 
purpose of studying on the spot, and with all ’the 
advantages of abundant and living material, the 
structure, and especially the embryology, of rare and 
exceptionally interesting forms of animal life. In the 
pre-Darwinian period of this century zoologists who ' 
were convinced of the importance of anatomical and 
embryological study were still content to study speci- 
mens immersed in spirit and brought home, often 
imperfectly preserved, by unskilled collectors," or to 
confine their attention to such species as could be 
procured in Europe. Before Cuvier, as we have 
already pointed out, attention was, with rare excep- 
tions, limited to the dried skeletons^ and external , 
forms of animals. Noi^, however, the enteiprising 
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zoolo^t goes to the native land of an interesting 
animal/there to study it as fully as possible. The 
niost im;^rtant of these voyages has been that of W. 
H.’Caldwell of Cambridge to Australia (1885-1886) for 
the purpose of studying the embryology of the Mono- 
trerna and of Ceratodus, the fish-like Dipnoon, which 
has resulted in the discovery that the Monotrema are 
oviparous. Similarly Adam Sedgwick proceeded to 
the Cape in order to study Peripattis, Bateson to the 
coast of Maryland to study Balanoglossus, and the 
brothers Sarassin to Ceylon to investigate the em- 
bryology of the Ccecilia. 

The task of the zoologist has changed and devel- 
oped in every succeeding period. Pure morphography 
has long ceased to be a chief line of research ; and 
now even the preoccupation produced by the addition 
to it of the study of cellular Embryology is about to 
undergo a baodification by the demand for knowledge 
of the facts of heredity and adaptation in greatly 
extended detail. 

Zoo-Mechanics, Zoo-Physics, Zoo-Chemistry 

The development of that knowledge of the struc- 
ture pf the human body, and of the chemical and 
physical processes going on in it, which is necessary 
for the purposes of the medical art, forms a distinct 
history, which has both influenced and been influenced 
by that of other branches of Zoology. The study of 
the structure «nd composition of the body of man and 
of the animals nearest to him was until fifty years ago 
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one with the inquiry into the activities of those ^arts, 
and indeed the separation of Anatomy and Physiology 
has never been really carried out. For convenience 
of teaching, the description of the coarser anatomy of 
the human body has been in modern . universities 
placed in the hands of a special professor, theoretically 
condemned to occupy himself with “the mere formal 
details of structure, whilst the professor of Physiology 
has usually retained what is called*^ “ microscopic ana- 
tomy,” and necessarily occupies himself with as much 
structural Anatomy as is required for a due description 
of the functions of organs and the properties of tissues. 
It would ' seem that in our medical schools and uni- 
versities these arrangements should be reconsidered. 
Anatomy and Physiology should be re-united and 
subdivided asfollo.ws, — (1) Physiology with Anatomy 
in relation to Physiology, (2) Anatomy in relation to 
surgery and medical diagnosis, — the fomier being a 
science, the latter a piece of technical training in rule 
of thumb. 

Physiological Anatomy or anatomical Physiology 
has its beginnings in Aristotle and other observers of 
antiquity. The later Graeco-Koman and the Arabian 
physicians carried on the traditional knowledge and 
added to it. Galen dominated the Middle .Ages. 
The modem development begins with Harvey and 
•with the Italian school in which he studied. Its great 
names are Fabricius of Acquapendente (1537-1619), 
Vesalius (1514-1564), Eustachius (c. ,1500-1574)^ 
Riolan (1577-1657), Severinp (1580«1656). The 
history of the discovery of the circulation of the blood 
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and of the controversies connected with it gives 
an interesting and sufficient presentation of the 
anatomico - physiological knowledge of the period. 
The foundation of the scientific academies and the 
records* of their publications furnish thenceforward 
a picture of the progress in this study. As an 
early anatomist* Willis ( 1621 - 1675 ), professor of 
physic in Oxford, deserves notice for his work on the 
anatomy of the human brain, the plates for which 
were drawn by young Christopher Wren, the prodigy 
of Oxford common-rooms, who later built St. Paul’s 
Cathedral. The Koyal Society, in its early days when 
Wren was a fellow, met at Gresham College whenever 
the professor of physic there could obtain a human 
body for dissection, and amongst its earliest records 
are the memoirs of Tyson on the anatomy of the 
Chimpanzee and the experiments on transfusion of 
blood, extirpation of the spleen, and such like inquiries. 

Marcello Malpighi ( 1628 - 1694 ) and Anton van 
Leeuwenhoek ( 1632 - 1723 ) were the first to introduce 
the microscope into anatomical research. Malpighi 
first used. the injection of blood-vessels on a large scale, 
and moreover is to be credited with having first con- 
ceived that there is a definite relation of the structure 
of lo^er kinds of animals to that of higher and more 
elaborate kinds, and that this relation is one of gradual 
transition, so tliat lower animals are not to be regarded 
as isolated and arbitrary existences, but are really 
’simpler exhibitions of the same kind of structure and 
mechanism which occurs in higher animals. It is this 
conception which later developed into the theory of 



368 THE HISTORY AND SCOPE OP. ZOOLOGY IX 

an actual transmutative development of lower into 
higher organisms. Leeuwenhoek discovered the red 
blood corpuscles of Vertebrates, saw the circulation in 
the capillaries of the Frog’s foot, described the fibrillar 
structure and cross -striping of muscular filire, the 
tubular structure of dentine, the scales of the epi- 
dermis, the fibres of the lens, and the spermatozoa, 
these last having been independently discovered at 
Leyden in 1677 by Ludwig Ham* of Stettin. The 
spermatozoa were regarded by the “ animalculists ” as 
the fully formed but minute young which had to be 
received in the egg, in order to be nourished and 
increase in size, and were hailed as a decisive blow to 
Harvey’s doctrine of epigenesis and his dictum “ omne 
vivum ex ovo. ” Albrecht von Haller was the champion 
of the so-called “ evolutionists ” in the eighteenth cen- 
tury, better called “ prseformationists.” Haller wrote, 
“ There is no such thing as development ? No part 
of the animal body is made before another ; all are 
simultaneously created.” A corollary of this doctrine 
was that the germ contains the germs of the next 
generation, and these of the next, and so ad infinitwm. 
It was calculated that Eve at her creation thus con- 
tained within her 200,000 millions of human germs. 
This was the view of the “ ovists,” who regarded the- 
egg as the true germ, whilst the “ animalculists,” who 
regarded the spermatozoon as the essential germ, would 
have substituted Adam for Eve in the above calcula- 
tion. These fanciful conceptions — containing as they 
do a share of important truth — were® opposed by 
Caspar Friedrich Wolff, who in his doctorate disserta- 
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tion (1759) maintained that the germ is a*structureles8 
particle, and acquires its structure by “ epigenesis ” 
or gradual development. Wolff has proved to be 
nearer the truth than Haller ; but modern conceptions 
as to the molecular structure of the egg-protoplasm 
point to a complexity as great as that imagiaed by 
the evolutionists* Later it was maintained that the 
spermatozoa are parasitic animalcules, and this view 
prevailed for 150 years, so that in the Physiology of 
Johann Muller (1842) we read, “ Whether the sperma- 
tozoa are parasitic animalcules or living parts of the 
animal in which they occur cannot at present be 
stated with certainty.” • 

Physiology in the eighteenth century could only 
proceed by means of inferences from purely anatomical 
observation, aided by imaginative conceptions which 
had no real basis. The explanation of the processes of 
life*in the 5.nimal body was waiting for that progress 
in the knowledge of physics and chemistry which at 
last arrived, and gave a new impulse to investigation. 
Albrecht von Haller (1708-1777) was the first to 
apply experimental methods to the determination of 
. the functions of the various organs made known by 
anatomists, and from him we may trace a bifurcation 
in th§ tendencies of medical men who occupied them- 
selves with the study of the structure and functions 
of the animal organism. The one class proceeded more 
and more in the direction of comparative anatomy, the 
other in the direction of exact analysis and measure- 
ment of both ihe structure .and properties of the organs 
of Vertebrate animals allied to man and of man himself. 
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John Hunter (1728-1798) is the most striking 
figure of this epoch in the relation of medicine to 
general zoological progress; his museum, preserved 
in Lincoln’s Inn Fields, London, by the combined 
action of the state and the Koyal College* of Sur- 
geons, is an abiding record of the historical progress 
of biological science. Hunter collected, dissected, 
and described not only higher but lower animals, with 
the view of arriving at a knowledge of the function 
of organs by the most extensive and systematic survey 
of their modifications in all kinds of animals. His 
purpose was that of the physiologist and medical man, 
but he made great coid;ributions to the general know- 
ledge of animal structure. The same class of investi- 
gations, when taken up by Cuvier from the point of 
view of systematic Zoology and Morphology, led to a 
reconstruction of classification and laid the foundation 
of anatomical Zoology. Hunter was the younger 
brother of William Hunter, who also formed an im- 
portant museum, still preserved in Glasgow. Hunter 
classified the organs of animals into those which sub- 
serve the preservation of the individual, those which 
subserve the preservation of the species, and those, 
which are the means of relation with the outer world, 
and he arranged his museum of dissections ai\,d pre- 
parations on this plan. , 

The great progress of chemistry at the end of the 
eighteenth and the beginning of the nineteenth century 
was followed by an application of chemical laws and 
chemical methods to the study of animal life. Curi- 
ously enough, as showing how deeply interwoven are 
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tha various lines of scientific progress,, Priestley in 
his discovery of oxygen was as much concerned 
in the study of a chlorophyll-bearing Protozoon, 
Euglena viridis, as in that of the red oxi'le of 
mercurjf ; and the interest in “ vital spirits ” as a 
physiological factor was an important stimulus to 
those researches* which produced modern chemical 
knowledge. 

The purely anatomical side of physiological pro- 
gress is marked in the beginning of * the nineteenth 
century by the work of Bichat (1771-1802), who distin- 
guished by naked-eye characters the different struc- 
tural materials of which the prgans of man and the 
higher animals are built, and thus founded in first out- 
line the science of Histology. By the end of the first 
quarter of this century it had become clear to the 
minds of the anatomico -physiological students of 
animal liffi that the animal body was subject to the 
same physical laws as other matter, although it was 
still held that some additional and mysterious agent 
— so-called “ vitality ” — was at work in living bodies. 
It had become clear that animal material could be 
investigated chemically, and that the processes of 
digestion, assimilation, respiration, and secretion were 
chenjical processes. 

To a considerable extent the chemical composition 
and properties of the tissues, and the chemical nature 
of the various changes of life and of putrefaction after 
*death^ had been investigated, but one step was yet to 
be taken which brings the study of ultimate structure, 
chemical activity, form, and the development of form 
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to a single foous. This was taken by Theodore Schwann 
(1810-1881), who in 1839 published his epoch-making 
cell-theory. Schwann was a pupil of Johann Mtiller, 
and there can be little doubt that the ideas of 'the 
pupil are to be credited in some measure to the master. 
Schwann took up the thread of microscopic investiga- 
tion which had been sedulously pursued by a distinct 
line of students since the days of Hook and Leeuwen- 
hoek, and had resulted in a general doctrine among 
botanists of the cellular structure of all the parts of 
plants. Schwann showed not only that plants are 
uniformly built up by these corpuscular units (of 
which Robert Brown^ in 1833 had described the 
peculiar nucleated structure), but that all animal 
tissues are also so built up. That, however, was not 
Schwann's chief point. The cell-theory for which he 
is famous is this, that the substance of the individual 
cell is the seat of those chemical processes Vhich seen 
en masse we call life, and that the differences in the 
properties of the different tissues and organs of animals 
and plants depend on a difference in the chemical and 
physical activity of the constituent cells, resulting in 
a difference in the form of the cells and in a concomi- 
tant difference of function. Schwann thus pointed to 
the microscopic cell-unit as the thing to be studied in 
order to arrive at a true knowledge of 'the, processes 
of life and the significance of form. In founding the 
study of cell-substance (or protoplasm, as it was sub- 
sequently called by Max Schultze in 1861, adopting* 
the name used by botanists for vegetable «ell-contents) 
Schwann united two lines of inquiry, viz. that of 
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mimjte investigation of structure and development 
and that of zoo-chemistry and zoo-physics. He spent 
a large part of the next forty years in an attempt to 
pene'trate further into the structure of cell-substance ; 
he hoped *to be able to find in cell-substance ultimate 
visible molecules, a knowledge of the arrangement 
and characters of^ which would explain the varying 
properties of protoplasm. 

It is not a little remarkable that Schwann, who 
thus brought about the union of physiological and 
morphological study by his conception of cell-sub- 
stance, should also have been the initiator of that 
special kind of experimental ^investigation of the 
physical properties of tissues by the exact methods 
used by physicists which, by the aid of the kymo- 
graphion, the thermo-electric pile, and the galvano- 
meter, has been so largely pursued during the last 
thirty yearjJ in our physiological laboratories. It is 
perhaps less surprising that Schwann, who had so 
vivid a conception of the activity and potentialities 
of the cell-unit, should have been the discoverer of 
the immensely important fact that putrefaction and 
^eripentation are not the consequences of death but 
of life, and that without the presence of living Bacteria 
putrefaction does not occur, whilst he also is the dis- 
coverer of the fact that the yeast which causes alcoholic 
fermentation is a mass of unicellular living organisms. 

From Schwann’s time onward the cell became 
ihore and mo^e the point of observation and experi- 
• ment in the pspgress of both Morphography and Physi- 
ology. It was soon shown, chiefly through KoUiker 
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and Remaki that all cells originate by fission irom 

pre-existing cells, — a fact unknown to Schwann, — 

and the doctrkie “ omnis cellula e cellula ” was estab- 

• , 

lished. It was also demonstrated that the Mammalian 
diaeovered by 'Von Baer was a typicarnncleated 
cell, and that all animals, and plants also (this general- 
isation took thirty years to est£tblish), take their 
origin from an egg, which is in essence and in fact a 
single nucleated cell. The doctrine of Harvey, “ omne 
vivum ex ovo,” thus received its most ample justifica- 
tion. The study of “ growth from the egg ” became 
necessarily a study of the multiplication by fission erf 
the egg-cell and its fi^on-products, their arrangement 
in layers, and 'the chemical metamorphosis of their 
substance and exudations. This study, as well as 
the allied investigation of the cell-structure of the 
adult tissues, was immensely facilitated by methods 
of hardening, staining, section-cutting, and clarifying 
which grew up after Schwann’s time, and have their 
present highest development in the automatic micro- 
tome of Caldwell, which can be worked by a motor, 
and delivers consecutive sections of animal tissues or 
embryos of an inch thick, arranged in. the, 

form of ribbons, ready for examination with the micro- 
scope, at the rate of one hundred or more per r^inute. 
Strieker of Vienna was the first to embed ^embryos in 
waxy material for the purpose of cutting thin sections 
of them, about twenty-five years ago, and R. Leuckart 
of Leipsic was subsequently the first to employ this 
method in the study of the structuro of small In- 
vertebrata. 
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The knowledge of the anatomical facta of cellnlar 
development and cellular structure necessarily gave 
immensely increased precision to the nbtioh of grada- 
tion of structure in the animal series from simple to 
complex,’ ‘and rendered Darwin’s doctrine the more 
readily accepted. It was not, however, until after 
Darwin’s date (1839) that the existence of unicellular 
animals was fully admitted, and the general facts of 
cellular Embryology established throughout the animal 
kingdom. 

Similarly cellular Physiology, by establishing the^ 
conception of a simple optically homogeneous cell- 
substance as the seat of the activities which we call 
“ life,” rendered it possible to accept the suggestion 
of a simple “substance of life” which might have 
been evolved from simpler non-living matter by 
natural processes depending on physical and chemical 
laWs’ It is* noteworthy that Darwin himself appears 
not to have been influenced directly by any such 
physiological or chemico-physical doctrine as to “proto- 
plasm ” or cell-substance. Nevertheless the way was 
prepared for the reception of Darwin’s theory by this 
■statp of physiological knowledge. 

The word “protoplasm” requires a little further 
notice. Protoplasm was applied by Von Mohl and 
by Max Schultze to the slimy substance of the cell, 
including therein both the general thinner material 
and the nucleus. It is, as Roscoe remarked at 
Manchester (Brit. Ass. Address, 1887), a structure 
• and not a chemical body. Nevertheless gradually 
physiologists have come to use the word “ protoplasm ” 
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for one of tke chemical substances of which Schultze’s 
protoplasm is a structural mixture — namely, that 
highest point in the chemical elaboration of the mole- 
cule which is attained within the protoplasm, and up 
to which some of the chemical bodies present are 
tending, whilst others are degradation’products result- 
ing from a downward metamorphosis of portions of it. 
This intangible, unstable, all-pervading element of 
the protoplasm cannot at preseirt be identified with 
any visibly separable part of the cell-substance, which 
jjonsists of a hyaline denser network of excessive 
tenuity, of a less dense hyaline liquid, and of finest 
and less fine granules of varying chemical nature. 
This “critical” substance, sometimes called “true 
protoplasm,” should assuredly be recognised by a dis- 
tinct name “plasmogen,” whilst protoplasm retains 
its structural connotation. 

The study of the process of fertilisatioh and o’f the 
significance in that process of the distinct parts of 
the sperm-cell and egg-cell — ^the separate fibrillse and 
granules of the nuclei of those cells — at the present 
moment forms one of the engrossing subjects of zoo- 
logical investigation.^ Not less important is . tho 
descent, as it were, of physiological investigation in 
relation to every organ into the arena of thf cell: 
digestion, secretion, muscular contraction, nprve action, 
all are now questions of Plasmology, or the study of 
cell-substance founded by Schwann. 

^ See the memoirs of Weiemann on Heredity and F. M^Balfonr^s 
Embryology, , • ® 
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General Tendency op Zoology since Darwin 

The serious and broadly-based study of bionomics 
which was introduced by Darwin, and in his hands 
gave riser to the doctrine of natural selection, by which 
the 'hypothesis of the origin of species by gradual 
transmutation in the natural process of descent from 
ancestral forms was established as a scientific doctrine, 
can hardly be said to have had any history. Buffon 
(1707-1788) alone among the greater writers of the 
three past centuries emphasised that view of living 
things which we call “bionomics.” Buffon deliber- 
ately opposed himself to the inere exposition of the 
structural resemblances and differences of animals, 
and, disregarding classification, devoted his treatise 
on natural history to a consideration of the habits of 
animals and their adaptations to their surroundings, 
whilst a special volume was devoted by him to the 
subject of reproduction. In special memoirs on this 
or that animal, and in a subordinate way in system- 
atic works, material is to be found helping to build 
up a knowledge of bionomics, but Buffon is the only 
jprominent writer who can be accorded historic rank in 
this study.' The special study of man in these 
relations — such as is concerned with the statistics of 
population — must be considered as having contributed 
very importantly to Darwin's wider study of bio- 
nomics in general. The work of Malthus On Popula- 

^ Th^ main 4iterary sources made use of by Darwin are the 
• magazines and treatises of horticulturists, farmers, pigeon-fanciers, and 
the like, in fact what is comprised in the Field newspaper. 
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tion (1798) oxercised the most important influence on 
Darwin’s thought, as he himself tells us, and led him 
to give attention to the facts of animal population, 
and so to discover the great moving cause of natural 
selection — the struggle for existence. Darwin may 
be said to have founded the science of bionomics, and 
at the same time to have given new stimulus and new 
direction to Morphography, Physiology, and Plas- 
mology, by uniting them as contributories to one 
common biological doctrine — the doctrine of organic 
evolution — itself but a part of the wider doctrine of 
universal evolution based on the laws of physics and 
chemistry. ^ 

The full influence of Darwin’s work upon the 
progress and direction of zoological study has not yet 
been seen. The immediate result has been, as pointed 
out above, a reconstruction of the classification of 
animals upon a genealogical basis, and an investiga- 
tion of the individual development of animals in jela- 
tion to the steps of their gradual building up by cell- 
division, with a view to obtaining evidence of their 
genetic relationships. On the other hand, the studies 
which occupied Darwin himself so largely subsequently^ 
to the publication of the Origin of Species, viz. the 
explanation of animal (and vegetable) mechanism,- 
colouring, habits etc., as advantageous to the species 
or to its ancestors — in fact, the new Teleology, — ^has 
not yet been so vigorously pursued as it must be 
hereafter. The most important work in^this direction 
has been done by Fritz Muller {Fiir^Darmn), by 
Herman Muller {Fertilisation of Plants hy Insects), 
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and by August Weismann (memoirs lyanslated by 
Meldola). Here and there observations are from time 
to time published, but no large progress has yet been 
madd, probably on account of the fact that animals 
are exceedingly difficult to keep under observation, 
and that there- is no provision in universities and like 
institutions for the pursuit of these inquiries, or even 
for their academic representation. More has been 
done with plants than with animals in this way since 
Darwin, probably owing to the same cause which has, 
ever* since the revival of learning, given Botany a real 
advantage over Zoology, namely, the existence of 
“ physick ” gardens, now becoine “ botanical ” gardens, 
and the greater ease of management, experiment, and 
observation in the case of plants than in that of 
animjils. It is true that zoological gardens have 
existed for the last fifty years in all large European 
cities, but •these have always been conducted with a 
view to popular exhibition ; and, even where scientific 
influences have been brought to bear on their manage- 
ment, they have been those of the morphographer and 
systematist rather than of the bionomist. Moreover, 
zoological gardens have never been part of the equip- 
ment of the university professor of Zoology, as it may 
be hoped in future will be the case. The foundation 
of marine biological laboratories under the control of 
scientific zoologists ofiers a prospect of true bionomic 
observation and experiment on an increased scale in 
the near future, and, were such laboratories founded 
in our* univ^sities and provided with the necessary 
appliances for keeping terrestrial and freshwater 

2 B 
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animals, as. yell as marine forms, alive and under 
observation in conditions resembling as nearly as 
possible those of nature, a step would hav6 been taken 
towards .carrying on the study of 'Bionomics which 
cannot long be delayed. It seems to be even more 
important that the academic curriculum of Zoology 
should not, by mere mechanical adhesion to the old 
lines of Morphography, and experimental research on 
the chemical and physical properties of tissues and 
organs, confine the attention and training of young 
students to what are now, comparatively spealang, 
the less productive lines of research. 

If we turn to the other branch of Bionomics, that 
concerned with the laws of variation and heredity 
(Thremmatology), we find that since Darwin, and 
independently of his own Avork, there has been a more 
obvious progress than in Teleology. In the first place, 
the continued study of human population has thrown 
additional light on some of the questions involved, 
whilst the progress of microscopical research in the 
hands of Butschli, Hertwig, Balfour, and August 
Weismann promises to give us a clear foundation as 
to the structural facts connected with the origin of 
the egg-ceU and sperm-cell and the process of fertilisa- 
tion. This is not the fitting place in which to give a 
sketch of the doctrines and hypotheses of Thremmat- 
ology. They may be gathered from Darivin’s writings, 
more especially the Origin of Species and Animals 
and Plants under Domestication} • They relate ter 

t ^ o 

^ The reader is also referred to Ribot^s V the writings 
of Charles Darwin’s cousin, Francis Galton. 
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th^ causes of variation in animals and plants, the 
laws of the transmission of parental characters, the 
share of each parent in the production of the char- 
acters of the offspring, atavism, and the relations of 
young tb parents as to number, sex, nourishment, and 
protection. 

An importaift development of Darwin’s conclu- 
sions is actually in progress and deserves special 
notice here, as it is the most distinct advance in the 
department of Bionomics since Darwin’s own writings, 
and at the same time touches questions of funda- 
mental interest. The matter strictly relates to the 
consideration of the “ causes <jf variation,” and is as 
follows. 

The fact of variation is a familiar one. No two 
animals, even of the same brood, are alike : whilst 
exhibiting a close similarity to their parents, they yet 
present differences, sometimes very marked differences, 
from their parents and from one another. Lamarck 
had put forward the hypothesis that structural altera- 
tions acquired by a parent in the course of its life are 
transmitted to the offspring, and that, as these struc- 
, tural alterations are acquired by an animal or plant 
in consequence of the direct action of the environ- 
ment^ the offspring inheriting them would as a con- 
sequence not unfrequently start with a greater fitness 
for those conditions than its parents started with. In , 
its turn, being operated upon by the conditions of 
life, it wouljJ acquire a greater development of the 
• same modification, which it would in turn transmit to 
its offspring. In the course of several generations. 
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Lamaxck argued, a structural alteration amounting to 
sucli difference as we call “ specific ” might be thus 
acquired. The familiar illustration of Lamarck’s 
hypothesis is that of the giraffe, whose long neck 
might, he suggested, have been acquired by th'e efforts 
of a primitively short-necked race of herbivores, who 
stretched their necks to reach the fSliage of trees in 
a land where grass was deficient, the effort producing 
a distinct elongation in the neck ef each generation, 
which was then transmitted to the next. This process 
is known as “ direct adaptation ” ; and there is no 
doubt that such structural adaptations are acquired 
by an animal in the cojirse of its life. Whether such 
acquired characters can be transmitted to the next 
generation is a separate question. It was not proved 
by Lamarck that they can be, and, indeed, never has 
been proved by actual observation. Nevertheless it 
has been assumed, and also indirectly ai^ued, that 
such acquired characters must be transmitted. Dar- 
win’s great merit was that he excluded from his 
theory of development any necessary assumption of 
the transmission of acquired characters. He pointed 
to the admitted fact of congenital variation, and^he , 
showed that these variations to all intents and pur- 
poses have nothing to do with any characters acquired 
by the parents, but are arbitrary and, so^ to speak, 
non-significant. Their causes are extremely difficult 
to trace in detail, but it appears that they are largely 
due to a “ shaking up ” of the living paatter which 
constitutes the fertilised germ or embr3K)-cell, lay the 
process of mixture in it o^ the substance of two cells, — 
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the germ-cell and the sperm-cell, — derived from two 
different individuals. Other mechanical disturbances 
may assist in this production of congenital variation. 
Whatever its causes, Darwin showed that it is all- 
important. In some cases a pair of animals produce 
ten million offspring, and in such a number a large 
range of congenital variation is possible. Since on 
the average only two of the young survive in the 
struggle for existence to take the place of their two 
parents, there is a selection out of the ten million 
young, none of which are exactly alike, and the selec- 
tion is determined in nature by the survival of the 
congenital variety which is fittest to the conditions of 
life. Hence there is no necessity for an assumption 
of the perpetuation of direct adaptations. The selec- 
tion of the fortuitously (fortuitously, that is to say, 
so far as the conditions of survival are concerned) pro- 
duced varieties is sufiicient, since it is ascertained that 
they will tend to transmit those characters with which 
they themselves were born, although it is not ascer- 
tained that they could transmit characters (acquired 
on the way through life. A simple illustration of the 
• difference is this : a man born with four fingers only 
on his right hand is ascertained to be likely to trans- 
mit this peculiarity to some at least of his offspring ; 
on the other hand, there is not the slightest ground for 
supposing that a man who has had one finger chopped 
off, or has even lost his arm at any period of his life, 
will pi;pduce offspring who are defective in the slightest 
degree in regard to fingers, hand, or arm. Darwin 
himself, apparently influenced not merely by the 
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consideration* of certain classes of facts which seem 
to favour the Lamarckian hypothesis, but also by a 
respect for the general prejudice in its favour and for 
Mr. Herbert Spencer’s authority, was of the opinion 
that acquired characters are in some cases transmitted. 
It should be observed, however, that liarwin did not 
attribute an essential part to this Lamarckian hypo- 
thesis of the transmission of acquired characters, 
but expressly assigned to it an entirely subordinate 
importance. ^ 

The new attitude which has been taken since 
Darwin on this question is to ask for evidence of this 
asserted transmission «f acquired characters. It is 
held^ that the Darwinian doctrine of selection of 
fortuitous congenital variations is sufficient to account 
for all cases, that the Lamarckian hypothesis of trans- 
mission of acquired characters is not supported by 
experimental evidence, and that the latter should 
therefore be dismissed. Weismann has also ingeni- 
ously argued from the structure of the egg-cell and 
sperm-cell, and from the way in which, and the period 
at which, they are derived in the course of the growth 
of the embryo from the egg — from the fertilised* 
egg-cell — ^that it is impossible (it would be better 
to say highly improbable) that an alterati<m in 
parental structure could produce any exactly repre- 
sentative change in the substance of the germ or 
sperm-cells. 

It does not seem improbable that the doctrine of 
organic evolution will thus become pute Darwinism 

^ Weismann, Vererhung, etc. 1886. 
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and be entirely dissociated from the? Lamarckian 

The one fact^which the Lamarckians can produce 
in their favour is the account of experiments by 
Brown-S^quard, in which he produced epilepsy in 
guinea-pigs by section of the large nerves or spinal 
cord, and in the course of which he was led to believe 
that in a few rare instances the artificially produced 
epilepsy was traiftmitted. This instance does not 
stand the test of criticism. It is not clear whether 
the guinea-pigs operated upon had or had not already 
a constitutional tendency to epilepsy, and it is not 
clear in what proportion of ca#es the supposed trans- 
mission took place, and whether any other disease 
accompanied it. On the other hand, the vast number 
of experiments in the cropping of the tails and ears of 
domestic animals, as well as of similar operations on 
man, are S,ttended with negative results. No case 
of the transmission of the results of an injury can be 
produced. Stories of tailless kittens, puppies, and 
calves, born from parents one of whom had been thus 
injured, are abundant, but they have hitherto entirely 
failed to stand before examination. 

Experimental researches on this question are most 
urge^jtly needed, but they are not provided for either 
in the mqj'phographical or physiological laboratories 
of our universities. 

Whilst simple evidence of the fact of the trans- 
mission of an acquired character is wanting, the a 
priori arguments in its favour break down one after 
another when discussed. The very cases which are 
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advanced 83*01117 to be explained on the Lamarckian 
assumption are found on examination and experiment 
to be better explained, or only to be^explained, by the 
Darwinian principle. Thus the occurrence of blind 
animals in caves and in the deep sea was a fjJct which 
Darwin himself regarded as best explained by* the 
atrophy of the organ of vision in successive genera- 
tions through the absence of light and consequent 
disuse, and the transmission (as Lamarck would have 
supposed) of a more and more weakened and structu- 
rally impaired eye to the offspring in successive 
generations, until the eye finally disappeared. But 
this instance can, I think, be fully explained by the 
theory of natural selection acting on congenital for- 
tuitous variations. Many animals are thus born with 
distorted or defective eyes whose parents have not 
had their eyes submitted to any peculiar conditions. 
Supposing a number of some species of Afthropod or 
Fish to be swept into a cavern or to be carried from 
less to greater depths in the sea, — those individuals 
with perfect eyes would follow the glimmer of light 
and eventually escape to the outer air or the shallower 
depths, leaving behind those with imperfect eyes, to . 
breed in the dark place. A natural selection would 
thus be effected. In every succeeding generation this 
would be the case, and even those with weak but still 
seeing eyes would in the course of time escape, until 
only a pure race of eyeless or blind animals would be 
left in the cavern or deep sea. Experiments and 
inquiries with regard to transmission* of acquired 
characters are in progress ; amongst those who have 
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occupied themselves with this subject are August 
Weismann of Freiburg and E. B. Poulton of Oxford. 

It has been argued that the elaborate structural 
adaptations of the nervous system which are the 
corporeal correlatives of complicated instincts must 
have been slowly built up by the transmission to 
offspring of acqhired experience, that is to say, of 
acquired brain structure. At first sight it appears 
difficult to understand how the complicated series of 
actions which are definitely exhibited as so-called 
“ instincts ” by a V4jriety of animals can have been due 
to the selection of congenital variations, or can be 
otherwise explained than by the transmission of habits 
acquired by the parent as the result of experience, 
and continuously elaborated and added to in succes- 
sive generations. It is, however, to be noted, in the 
first place, that the imitation of the parent by the 
yohng possibly accounts for some part of these com- 
plicated actions, and, secondly, that there are cases in 
which curiously elaborate actions are performed by 
animals as a characteristic of the species, and as sub- 
serving the general advantage of the race or species, 
, which, nevertheless, can not be explained as resulting 
from the transmission of acquired experience, and 
must be supposed to be due to the natural selection of 
a fortuitously developed habit which, like fortuitous 
colour or form variation, happens to prove beneficial. 
Mr. Poulton has insisted upon the habits of “ sham- 
’ining dead ” and the combined posturing and colour 
peculiarities of certain caterpillars (Lepidopterous 
larvas) which cause them to resemble dead twigs or 



378 THE HISTORY ANH SCOPE OP ZOOLOGfY IX 

It 

similar surrounding objects. The advantage to .the 
animal of this imitation of surrounding objects is that 
it escapes the pursuit of (say) a bird which would, 
were it not deceived by the resemblance, attack and 
eat the caterpillar. Now it is clear that preceding 
generations of caterpillars cannot have' acquired this 
habit of posturing by experience. Slither the cater- 
pillar postures and escapes, or it does not posture and 
is eaten ; it is not half eaten and dlowed to profit by 
experience. We seem to be justified in assuming that 
there are many movements of stretching and posturing 
possible to caterpillars, and that some caterpillars had 
a congenital fortuitous Jiendency to one position, some 
to another, and, finally, that among all the variety of 
habitual movements thus exhibited one has been 
selected and perpetuated because it coincided with the 
necessary conditions of safety, since it happened to 
give the caterpillar an increased resemblance to a twig. 

The view that instinc?*'is the hereditarily fixed 
result of habit derived from experience has hitherto 
dominated all inquiry into the subject, but we may 
now expect to see a renewed and careful study of 
animal instincts carried out with the view of testing . 
the applicability to each instance of the pure Darwin- 
ian theory without the aid of Lamarckism. 

The whole of this inquiry has special inaportance 
in regard to mankind, since the great questions of 
influence of race and family as opposed to the influ- 
ence of education are at issue. If pure DaBwinism is 
to be accepted, then education has no val»e in directly 
affecting the mental or physical features of the race. 
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but. only in affecting those of the individual. Were 
acquired characters really and fully transmitted, then 
every child bom would inherit the knowledge of both 
its parents more or less completely, and from birth 
onwards* would be able to add to its inherited stock, 
so that the progress of the race in mental acquirements 
would be prodigiously more rapid than it is. On the 
other hand, if we exclude the Lamarckian hypothesis, 
peculiarities ohmiifti and body congenitally established 
in a^ race or a family acquire increased significance, 
for they cannot be got rid of by training, but are 
bound to reappear if the stock which exhibits them is 
allowed to breed. It seems that the laws of Threm- 
matology may eventually give to mankind the most 
precise directions, not only as to how to improve the 
breeds of plants and animals, but as to how to im- 
prove the human stock. It is not a little remarkable 
that the latest development of zoological science should 
favour that respec^to,bre^ng which is becoming less 
general than it was, and should tend to modify the 
current estimate of the results of popular education. 

, The relation of Darwinism to general philosophy 
and of the history of Zoology to philosophical doctrines 
wouy. form one of the most interesting chapters which 
might be .written on the subject of this article. It 
belongs, however, rather to the history of philosophy 
than to that of Zoology. Undoubtedly the concep- 
tions of mankind at different periods of history with 
regard to cosamogony, and the relations of God, Nature, 
and Man, have had a very marked influence upon the 
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study of Zoology, just as in its turn the study of 
Zoology has reacted upon those conceptions. 

In this, as in other phases of mental development, 
the ancient Greeks stand out in the most striking 
manner as possessing what is sometimes called the 
modem spirit. The doctrine of evolution is formu- 
lated in unmistakable terms by Heraclitus and other 
philosophers of antiquity. Not only so, but the direct 
examination of nature, including the "wrious forms of 
animal life, was practised by Aristotle and his dis- 
ciples in a spirit which, though not altogether free 
from prejudice, was yet far more like that which 
actuated the founders, of the Royal Society less than 
three hundred years ago than anything which was 
manifested in the two thousand years intervening 
between that date and the time of Alexander the 
Great. The study of Zoology in the Middle Ages 
was simply a fantastic commentary on Afistotle and 
the records of animals iif^he. .vmous books of the 
Bible, elaborated as part of a peculiar system of 
mystic philosophy, which has more analogy with the 
fetichism and totem worship of savage races than with 
any Greek or modern conceptions. So far as phiJo- . 
sophy affected the study of Zoology in the beginning 
of the modem period, its influence was felt i]g the 
general acceptance of what has been the 

Miltonic cosmogony, — namely, that interpretation of 
the Mosaic writings which is set forth by the poet 
Milton, and of which the characteristic i% the concep- 
tion of the creation of existing things, in«luding living 
things, nearly or just as they are, by a rapid succession 
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of “ fiats ” delivered by an anthropomoiphic Creator. 
It was not until the end of the eighteenth century 
that Schelling (as quoted above) conceived that unity 
of nature and general law of development which is 
now called the doctrine of evolution. 

In England' Erasmus Darwin (Zoonomia, published 
in 1794-1796^, in France Lamarck {Philosophic Zoo- 
logique, 1809) and Geofiroy Saint-Hdaire {Principes 
de Philosophic Zoelogiquc, 1830), and in Germany 
Oken {Lehrhuch der Natur-Philosophie, 1809-1811), 
Goethe {Zur Natur Wissensch. Stuttgart, 1817), and 
Treviranus {Biologic, 1802-1805) were the authors of 
more or less complete systeDjs of a philosophy of 
nature in which living things were regarded as the 
outcome of natural law, that is, of the same general 
processes which had produced the inanimate universe. 
The “ Natur-philosophen,” as they were called in Ger- 
mahy, demand the fullest recognition and esteem. 
But, just in .^roportiqm afePthe “ Natur-philosophep ” 
failed to produce an immediate efiect on the study of 
Zoology by their theory of natural development, so 
was the doctrine of evolution itself deprived of com- 
, pleteness and of the most important demonstration of 
its laws by the long-continued delay in the final intro- 
duction of Biology into the area of that doctrine. 

Darwin by his discovery of the mechanical prin- 
ciple of organic evolution, namely, the survival of the 
fittest in the struggle for existence, completed the 
doctrine of pvolution, and gave it that unity and 
authority wbjsh was necessary in order that it should 
reform the whole range of philosophy. The detailed 
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consequence© of that new departure in philosophy 
have yet to be worked out. Its most important initial 
conception is the derivation of man by natural pro- 
cesses from ape-like ancestors, and the consequent 
derivation of his mental and moral qualiti^ by the 
operation of the struggle for existence and natural 
selection from the mental and moral qualities of 
animals. Not the least important of the studies thus 
initiated is that of the evolution of phihifeophy itself. 
Zoology thus finally arrives through Darwin at its 
crowning development : it touches and may even be 
said to comprise the history of man, Sociology, and 
Psychology.^ ^ 

1 The chief sources of information on tlie subject of the foregoing 
article are the following ; Engelmann, Bibliotheca Historico- Naturalise 
voL i. 1846 (being a list of the separate works and academical 
memoirs relating to Zoology published between 1700 and 1846) ; 
Cams and Engelmann, Bihl. Zoologica, Leipsic, 1861 (a similar list of 
memoirs in periodicals published between 1846 and 1861) ; J. V. Cams, 
Gesch, d. Zoologie, Munich, 1872 ; L^^gassiz, An^ssay on Glassitica- 
tion, London, 1859. 




Subgrade. a ^(ELENTERA 
Grade b. BHTE,ROZO A (METAZOA) 



Subgrade .b. CORTtCATA 



Subgrade .a.OYMNOMYX A 

^ . • ^Qrade.A. PLASTIDOZOA (PROTOZOA) 
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Phyla and dlasses of the PLASTIDOZQA 
(syn. PROT02!^A), 

Sub-Grade a.— Oymnomyxa. 

Class. 

Phylum PROTEOMORPHA. . {QeiLem—Vampyrella, Archerinay 

Protomyxa, etc.) 

( 1. SOBOPHO]^. 

Phylum MYCETOZOA -! 2. Tiwiftoapa J^A 

( 3. EXOSPOKEA. 

PhjlmLOBOSA . . |2;SmoI1A. 

r,!. , T.r-mTriTTT ADTA ' / 1. IMPERPORATA. 

Phylum RETICULARIA . -j ^ pERpoRATA. 

Phylum LABYRINTHULARIA . . (Genera — LahyrirUhula, 

CMamydomyxa). 

( 1. APHROTHORAOA. 

Phylum HELIOZOA . . -J 2. CHLaIITDOPBORA. " 

< 3. OHALAROTHORACA. 

/ Branch a. 1 1. PERIPYLARIA. 

Phylum ) PoRULOSA \ 2. AOAHTHARIA. 

RADIOLARIA) Branch 6. ( 1. MONOPYLARIA. . 

V OscuLOSA ( 2. PH(EODARIA. 


Sub-Grade 6.-<-Oorticata. 


Phylum MASTIGOPHORA 


/I. PLAGELLATA. 

J 2. CHOANOPLAGELI^TA. 
) 3 . DmOPLAGELLATA. 

U. OTSTOPLAGELLATA. 


i l. GREGABINIDEA. 

2. OOOOXDIIDEXo , 

3. MYXOSPO^IDIA. 

4. SAR000Y8Tn>lA. 


Phylum SPOROZOA 
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Claes. 

Grade a. Ciliata. 
Branch a, Gymnostoma, 

1. HOLOTRIOHA. 


Phylum INFUSORIA 


j Branch h, Trulwsloma, 

! 1. ASPmOTRICHA. 

2. 8PIR0TRI0HA. 


Grade h. Suctoria. 

1. ACINETABIA. 


Phyla and Classes of the ENTEROZOA 
(syn. METAZOA). 

Sub-Grade a, — Coelentera. 

Class. 


1. Phylum PORIFERA . . 

2. Phylum NEMATOPHORA. 


1. CALOISPONGLffi. 

2. SILIOOSPONGLiE. 

1. HYDROMEDUS-ffi. 

2. SOYPHOMEDUSiE. 
') 3. ANTHOZOA. 

U. CTENOPHORA. 


‘ ■ Tstro-Grade 6. — Coelomata. 


Phylum 

TLatyhelmia 


r 


Branch «. 
Ciliata 


Branch 6. 
COTYLOPHOBA 


p. RHABDOOCELA. 

I 2. DENDROOCELA. 

^ 3. NEMERTINA. 

4. ORTHONBOTIDA. 
If). RHOMBOZOA. 

1. TREMATOIDEA. 

2. OESTOIDEA. 

( 3. HIRUDINEA, 


• Phylum 
ECHINODERMA 


Branch a. 
Ambulacbata 

Branch h, 
Tentaculata 

2 c 


1. EOHINOIDEA. 
j 2. HOLOTHURIIDEA. 
^ 3. ASTEROIDEA. 

.4. OPHIUROIDEA. 

( 1. ORINOIDEA. 

\ 2. OYSTOIDEA. 

(3. BLASTOIDEA. 
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Phylum 

APPENDICULATA | 


Branch a. 
Rotifeea 

Branch h. 

CHjETOPODA 


Branch f. 
Arthkopoda 


Class. , 

f 1. PARAPOBIATA. 

( 2. LIPOPODA. 

/ 1. POLYOHjETA. . 

) 2. OLIOOOaSTA. 
j 3. M7Z0ST0MABIA. 
M. PAPLODEILL- 
r Gi^e g. Ceeatophora. 

1. PEBIPATOIDEA. 

' 2. MYRIAPODA. 

3. he:^oda. 

GrsfaC h. Ackrata. 

1. OBUSTACEA. 

2. ARACHNIDA. 

3. PANTOPODA. 

4. TABDiaBADA. 


Phylum 

MOLLUSCA 


Branch a. { GASTROPODA, 
Glossophora ) SOAPHOPODA. 

1 3. CEPHALOPODA. 


Branch h. 
Lipocephala 


1. LAMELLIBBANOHIA. 


-<»TBRNAB^»fl)OMORPHA. 

2. EC^ltBOMOBPHA. 

3. SIPUNOULOMOBPHA. 

Phylum GEPHYRAilA 4. PHORONIDOMORPPA. 

5. POLYZOA. 

6 . PTEBOBBAHOHIA. 

I 7. BBAOmOPODA. 


( 1. EUNEMATOIDEA. 
Phylum NEMATOIDEA . . 2. OHffiTOSOMARIA. 

(3. OHSTOON^THA. 

Phylum GASTROTRICHA . Genera — Chcetono^Syokhthydiu'nL 
Phylum ACANTHOCEPHALA Genus — Echinorh^lius " 
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Phylum 

VJ^TEBRATA 


s 




Okss. 


Branch a.‘ 
Hemichorba 

Branch b. 
Urochorda 


I'Sole Grenus — Balanoglossm, 
\ Grade a. Larvalia. 

1. APPENDIOULAELflB. 

^ Grade 6. Saccata. 

1. ASCIDIAGEA. 

2. THALIAGEA. 


Branch c. 
Cephalochorda 


Sole Genus — Amphioocm. 


Branch cl, 
Craniata 


r Grade a. Cyclostoma. 

1. MYXINOIDEA. 

2. PETROMYZONTIA. 

Grade b. Gnathostoma. 
Sub-Grade 1. Branchtata 


HETERODACTp.A. 

1. PISGES. - 

2. DIPSrOI. 

Sub-Grade 2. Branchiata 
Pentadactyla. 


1. AMPHIBIA. 


Sub-Grade 3. Pentadactyla 
Lipobranchia. 

Branch a. Monoccmdyla, 

1. REPTILIA. 

2. AVES. 

Branch h, Amphicondyla, 

1. MAMMALIA. 


THE END 


Printed ^ R. & R. ClarK} Edinburgh. 





